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FOREWORD 


This  report  was  prepared  by  the  Chemical  and  Structural 
Products  Division  of  the  Von  Karman  Center,  Aerojet-General 
Corporation,  under  USN  Contract  No.  NBy  62182.  The  work  was 
administered  under  the  direction  of  the  Naval  Civil  Engineering 
Laboratory,  Port  Hueneme,  with  Dr.  J.  D.  Stachiw  acting  as 
Program  Manager. 

The  principal  investigator  and  author  of  this  report  is 
Mr.  H.  C.  Edgington,  who  was  assisted  by  Mr.  L.  E.  Gressingh 
and  Mr.  B.  W.  Liebel.  Immediate  management  control  was  the 
responsibility  of  Mr.  R,  M.  Roberts. 

The  report  covers  work  conducted  from  17  January  1966 
through  17  July  i966  and  the  supplemental  period  from  11  October 
1966  through  13  December  1966.  It  is  submitted  in  partial  ful¬ 
fillment  of  the  contract  and  is  catalogued  by  Aerojet-General 
Corporation  as  Report  No.  3247. 
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ABSTRACT 


This  report  describes  the  work  carried  out  in  the  study  and 
preliminary  design  of  a  Sea  Water  Simulator.  The  purpose  of  the 
device  is  to  approximate  for  various  locales  and  depths,  the  sea 
water  chemistry  represented  by  eight  chemical  parameters: 
salinity,  alkalinity,  carbon  dioxide,  pH,  oxygen,  hydrogen  sulfide, 
phosphate,  and  E^. 

A  literature  search  was  conducted  to  elucidate  this  chemistry 
and  to  obtain  data  quantitatively  interrelating  these  chemical  system 
and  their  physical  states.  A  survey  was  made  to  compare  the 
characteristics  of  commercially  available  control  instrumentation 
and  transducers.  Based  upon  the  information  gathered,  a  system 
was  then  designed.  The  envisioned  system  incorporates  computer 
control  of  both  closed -loop  and  open-loop  chemistries.  Predicted 
accuracies  for  output  composition  control  are  reconciled  with 
suggested  USNCEL  performance  specifications. 
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I. 


INTRODUCTION 


As  interest  in  the  ocean  and  in  the  exploration  of  its  depths  intensifies, 
it  becomes  increasingly  vital  to  formulate  and  evaluate  materials  for  ocean 
environment  service.  Ranking  high  in  importance,  the  corrosion  character¬ 
istics  of  materials  need  to  be  determined  under  the  various  physical  a  id 
chemical  conditions  that  may  exist  at  various  locales  and  depths.  It  is  now 
routine,  although  often  costly,  to  evaluate  test  specimens  by  exposing  them  in 
the  natural  environment.  However,  the  diurnal  variations,  seasonal  fluctuations, 
and  other  natural  disturbances  render  it  virtually  impossible  to  fix  the  predomi¬ 
nant  corrosive  factors  to  the  degree  available  from  controlled  experimental 
work.  Such  studies  would  be  facilitated  if  the  tests  could  be  performed  in  the 
laboratory  using  sea  water  adjusted  to  resemble  closely  the  desired  environment. 

A  step  in  the  simulation  of  the  ocean  environment  has  been  made  in  the 
development  of  equipment  such  as  the  AMF  company's  Controlled-Environment 
System.  This  device  variably  pressurizes  and  refrigerates  sea  water  to  provide 
physical  conditions  found  in  even  tne  lowest  ocean  deeps.  However,  simulation 
of  the  physical  environment  alone  cannot  provide  complete  test  realism,  since  it 
is  well  known  that  the  chemistry  of  the  sea  changes  with  depth.  In  recognition 
of  this  problem,  the  Naval  Civil  En  meering  Laboratory  has  generated  specifi¬ 
cations  within  which  a  system  for  chemical  control  should  operate.  Aerojet- 
General  Corporation  has  been  funded  to  study  the  feasibility  of  such  a  system 
and  to  prepare  a  preliminary  design.  When  coupled  with  the  AMF  equipment 
this  envisioned  system  would  thus  permit  corrosion  and  other  types  of  testing 
to  be  performed  in  ocean  water  controlled  in  terms  of  both  physical  and  chemical 
parameters. 

The  chemical  control  system  would  be  capable  of  supplying  at  a  rate  of 
one  gpm  sea  water  simulating  the  ocean  environment  at  pressures  from  0  to 
20,  000  pai  and  at  temperatures  from  0  to  20  deg  C.  This  system  would  be 
capable  of  continuously  monitoring  and  controlling  the  sea-water  chemistry 
with  respect  to  the  following  parameters  and  within  the  indicated  ranges  and 
tolerances: 


Parameter 


Range 


Tolerance 


Salinity,  ppt 

33.  0  to  35.  0 

0.  01 

Alkalinity,  meq/1 

0.  5  to  3.0 

0.  1 

Dissolved  free  carbon  dioxide,  ppm 

0  to  50 

0.  5 

pH 

6.  0  to  9. 0 

0.02 

E^,  mv 

+2000  to  -2000 

10.0 

DissoW: .  'yg'”1-,  ml/1 

0  to  saturation 

0.  05 

Dissoi*  /drogen  sulfide,  ppm 

0  to  50 

0.  5 

Phosphate,  ppm 

0  to  100 

0.  1 
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Additionally,  the  system  should  be  corrosion  resistant  so  that  it  does  not 
contribute  heavy-metal  ions  to  uncontaminated  sea  water  in  excess  of  the 
following  concentrations: 


Heavy -metal  ion 


Cone  entraiion , 


Copper  1 

Lead  1 

Iron  5 

Nickel  1 

Mercury  0.95 

Vanadium  0.  5 

Manganese  1 


Practical  considerations  would  also  demand  that  the  system  bt  capable  of 
achieving  these  requirements  in  long-ifcrm;  continuous  operation.  The  system 
should  be  operable  by  any  qualified  engineering  technician  who  would  also  be 
capable  of  providing  periodic  maintenance  adjustments  during  the  normal 
eight-hours-per-day,  five-days-per-week  work  week. 
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II.  SUMMARY 


The  program  effort  falls  logically  into  three  tasks  constituting  a  pro¬ 
gression  from  feasibility  determination  to  design  generation.  The  initial 
task  was  the  clarification  and  definition  of  the  problems  attending  the  control 
of  sea  water  chemistry  in  the  complex  ocean  environment.  The  second  task, 
an  engineering  survey,  was  initiated  simultaneous  y  to  determine  the  avail¬ 
ability  of  commercial  components  for  making  the  required  measurements  <md 
for  fabrication  of  the  simulator  system.  After  the  results  of  these  two  tasks 
were  screened,  the  third  task,  the  preliminary  design  of  the  simulator,  was 
undertaken  and  completed.  The  results  of  these  efforts  are  summarized  below 
and  discussed  in  detail  in  the  body  of  this  final  report. 

The  first  task  consisted  primarily  of  a  technical  survey  to  clarify  the  sea 
water  chemistry  of  interest  to  this  program,  as  it  is  affected  by  changes  in 
temperature  and  pressure  and  by  the  presence  of  other  chemical  and  biological 
species.  Generally  speaking,  the  available  information  indicated  that  each  of 
the  eight  chemical  parameters  is  affected  to  some  extent  by  each  of  the  others, 
and  by  pressure  and  temperature  changes.  The  effects  are  exhibited  variously 
as  interactions  Or  interdependencies  of  the  unsolved  species,  changes  in  dis¬ 
sociation  values,  and  changes  in  the  solubility  parameters  of  solute  gases. 

Thus  it  is  not  possible  to  consider  the  eight  chemical  parameters  as  simultaneous 
independent  variables. 

Tabulated  data  or  equations  expressing  these  effects  were  then  gathered 
and  the  overall  problem  defined  in  terms  of  the  quantitative  relationships 
operating  among  the  several  variables.  Existing  data  were  found  to  be  adequate 
to  cover  the  ranges  specified  for  this  program  except  in  some  cases  where 
pressure  dependence  was  sparse  or  lacking  for  the  higher  pressures.  It  was 
noted,  however,  that  in  many  cases  the  most  recent  data  were  obtained  about 
1930;  it  would  thus  be  desirable  to  express  these  dependencies  in  terms  of 
data  acquired  by  more  modern  and  reliable  techniques. 

The  second  task  was  an  engineering  survey  to  determine  the  current 
availability  of  commercial  components  for  the  development  of  a  simulator  system 
that  would  meet  the  ranges  and  accuracies  initially  specified.  Approximately 
200  companies  were  contacted  for  information  regarding  pumps,  tanks,  heat 
exchangers,  valves,  piping,  mixing  columns,  filters,  eductors,  transducers, 
materials  of  construction,  computers,  controllers,  and  other  necessary  devices. 
Mechanical  components  of  compatible  materials  are  produced  commercially  in 
the  required  sizes  and  configurations.  Commercial  transducers  are  adequate 
to  make  the  required  temperature,  pressure  density,  flow,  and  level  measure¬ 
ments.  Analytical  devices  are  currently  marketed  to  measure  each  of  the  eight 
chemical  parameters,  but  for  several  the  transducers  do  not  provide  the 
specified  accuracy  and/or  the  short  response  time  desired  (but  not  indispensible) 
for  this  system.  Computers  required  for  calculating  the  interdependent  control 
imctiona  and  for  generating  reference  signals  will  easily  provide  the  needed 
accuracies,  but  industrial  controllers  generally  introduce  up  to  a  three  percent 
error  in  the  control  operation.  Certain  of  these  error#  can  be  minimized  by  the 


selection  of  the  proper  control  mode,  but  even  so  it  was  found  necessary  to 
relax  the  accuracy  limits  for  several  of  the  eight  chemical  control  parameters. 
The  suggested  new  control  ranges  arid  accuracies  are  as  follows: 


Parameter 

New  Range  Ne 

v  Tolerance 

Salinity,  ppt 

no  change 

0.035 

Alkalinity,  meq/1 

no  change 

no  change 

Dissolved  free  carbon  dioxide,  ppm 

no  change 

10 

pH 

no  change 

0.03 

E^,  mv 

+ 1400  to  -1400 

no  change 

Dissolved  oxygen,  ml/1 

no  change 

0.  15 

Dissolved  hydrogen  sulfide,  ppm 

no  change 

3.  0 

Phosphate,  ppm 

no  change 

3.0 

The  third  task  involved  the  design  of  a  simulator  system  based  upon  the 
findings  of  the  first  two  tasks.  The  design  is  based  upon  treatment  of  the  sea 
water  stream  at  0  deg  C  as  it  circulates  in  a  closed  loop  at  a  flow  rate  of 
20  gpm.  The  circulating  stream  is  continuously  analyzed  and  the  composition 
is  adjusted  by  the  addition  of  solutions  and  by  equilibration  with  proper  gas 
mixtures.  The  adjusted  stream  is  drawn  off  from  the  main  stream  of  the  re¬ 
circulating  loop  at  one  gpm,  and  is  given  a  final  alkalinity  and  phosphate 
adjustment  prior  to  delivery  to  the  AMF  Controlled-Environment  System.  As 
the  stream  of  adjusted  water  is  continuously  removed,  it  is  replaced  by  a  fresh 
input  stream  of  sea  water  that  has  been  filtered  and  pretreated  to  a  desired 
alkalinity  and  pH.  Because  of  the  complexity  of  the  chemistry  of  t..v  system, 
a  digital  process  computer  is  incorporated  to  calculate  the  required  concen¬ 
trations  based  upon  selected,  set -point  values  and  instantaneous  transducer 
signals,  and  to  provide  the  rapid  updating  of  reference  signals  based  on  these 
calculations . 

As  part  of  the  design  effort,  drawings  and  specifications  were  prepared  to 
cover  the  simulator  design  and  the  preliminary  component  requirements.  It  is 
believed  that  this  uesign,  utilizing  commercial  components,  will  provide  a  system 
capable  of  giving  a  one -gpm  adjusted  stream  whose  composition  is  within  the 
ranges  and  accuracies  of  the  revised  specification  plan. 

Finally,  a  b.  ief  experimental  effort  was  carried  out.  The  purpose  of  this 
work  was  twofold:  (1)  to  demonstrate  that  the  key  process  effects  in  the  simulator 
design  would  produce  the  results  predicted  and  without  deleterious  side  chemical 
effects,  and  (2)  that  commercially  available  sensors  envisioned  as  suitable  for 
this  design  would  perform  as  rated.  The  first  task  element  resulted  in  gratifying 
validation  data;  the  secor.'*  was  frustrated  by  a  lack  of  loan -equipment  availability. 
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III.  SEA  WATER  CHEMISTRY 

The  chemistry  of  sea  water  is  extremely  complex  because  of  the  high  ionic 
strength  and  the  diversity  of  ions  present.  Because  of  these  two  factors  the  sea 
water  system  is  well  buffered  with  respect  to  pH  (hydrogen  ion)  and  Ej,  (redox 
potential)  changes.  The  concentrations  of  the  major  species  vary  only  within 
a  limited  range  -  one  that  is  governed  by  oceanographic,  geologic,  atmospheric, 
and  climatic  factors.  Biologically  active  solutes  may  fluctuate  over  a  wider 
range,  but  these  variations  are  generally  cyclic  in  nature. 

Data  obtained  from  the  literature  and  private  communications  indicate  that 
the  concentrations  of  the  eight  chemical  parameters  of  interest  on  this  program 
fall  well  within  the  control  ranges  specified,  and  in  many  cases  occupy  only 
small  portions  thereof.  Typical  values  for  the  Pacific  Ocean  area  or  in  the 
vicinity  of  Port  Hueneme  are  given  in  Table  1. 

The  ions  and  dissolved  gases  present  in  sea  water  react  or  are  capable  of 
reacting  and  interacting  in  a  variety  of  ways.  The  reaction  rates  and  paths,  as 
well  as  the  completeness  of  the  reactions  are  affected  by  ionic  concentrations,  the 
presence  of  other  species  and  by  the  pressure  and  temperature  of  the  sea  water. 
This  discussion  is  presented  to  define  these  interactions  and  interdependencies. 

It  will,  however,  be  limited  to  the  chemical  and  physical  parameters  affecting 
the  design  of  ths  simulator  system. 

A.  SALINITY 

In  1901  Knudsen  defined  salinity  as  "the  weight  in  grammes  of  the 
dissolved  inorganic  matter  in  1  kg  of  sea  water,  after  all  bromide  and  iodide  have 
been  replaced  by  the  equivalent  amount  of  chloride,  and  all  carbonate  converted 
to  oxide.  "  However,  the  direct  determination  of  salinity  in  accordance  with  this 
definition  proved  too  difficult  and  other  methods  were  explored  for  its  measure¬ 
ment.  Subsequent  comparisons  of  density,  salinity,  and  ch’orinity  indicated  a 
reasonably  constant  relationship  between  salinity  and  chlorinity.  Chlorinity  was 
defined  as  the  halide  concentration  in  parts  per  thousand  (ppt)  by  weight  measured 
by  the  silver  nitrate  reaction  and  computed  on  the  assvimption  that  all  the  halide 
is  chloride.  The  mathematical  expression  relating  chlorinity  to  salinity  was 
given  as: 


S  =  1.805  Cl  +  0.030  (1) 

where:  S  =  salinity,  ppt 

Cl  =  chlorinity,  ppt 

In  1940  the  definition  of  chlorinity  was  revised  to  correct  for  changes  in  the 
accepted  atomic  weights  of  silver  and  chlorine.  The  revised  definition  stated: 

"The  chlorinity  is  the  mass  in  grammes  of  pure  silver 
necessary  to  precipitate  the  halogens  in  328.  5322  grammes 
of  sea  water.  " 
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On  the  basis  of  1963  atomic  weights  this  definition  is  now  in  error  by  43  ppm. 

The  salinity  of  sea  water,  to  within  0.01  ppt,  may  be  expressed  as 
the  sum  of  just  twelve  of  the  elements  in  solution:  chlorine,  sodium,  magnesium, 
sulfur,  calcium,  potassium,  bromine,  carbon,  strontium,  boron,  silicon,  and 
fluorine.  Salinity  and  chlorinity  are  weight  ratios  and  thus  independent  of 
temperature  and  pressure.  In  consideration  of  the  chemical  parameters  of  I 

interest  on  this  program,  it  is  seen  that  of  the  twelve  elements  comprising  the  j 

bulk  of  the  salinity  value,  only  carbon  (in  its  carbonate  forms)  will  be  specifically  ; 

measured  and  controlled  in  the  simulator  system.  | 

The  method  selected  for  the  determination  of  salinity  in  the  simulator  I 

is  based  upon  the  measurement  of  electrical  conductivity.  In  contrast  to  the  \ 

gravimetric  procedure,  electrical  conductivity  values  are  affected  by  temperature  • 

and  pressure  as  well  as  by  carbon  dioxide  (carbon)  concentration.  * 

1.  The  Salinity  Role  of  Carbon  Dioxide  j 

The  effect  of  dissolved  free  carbon  dioxide  on  the  electrical  ! 

V 

conductance  of  sea  water  has  been  investigated  by  Park  and  Weyl  (Reference  1)  I 

in  the  pH  range  of  5.0  to  9.  0.  Using  a  sea  water  sample  with  a  chlorinity  of  1 

19.  0  and  a  carbonate  alkalinity  of  2.  6  meq/1,  they  found  that  the  conductance  \ 

decreases  linearly  with  an  increase  in  the  concentration  of  dissolved  free  > 

carbon  dioxide  at  the  rate  of  0.013  percent  per  millimole  of  carbon  dioxide  per 
liter  (0.  013%Anmole  CC^/l).  This  corresponds  to  an  0.0148  percent  decrease  1 

at  50  ppm  CO.,,  or  an  apparent  error  of  0.005  ppt  at  35  ppt  salinity.  \ 

I 

These  investigators  also  observed  that  the  CO-  influence  on  ? 

salinity  measurement  varied  with  pH.  In  the  range  of  6.  5  to  7.  5  the  conductance  j 

varied  less  than  the  error  of  measurement,  about  0.003  percent.  Above  and  t 

below  this  pH  range,  to  pH  values  of  9.0  and  6.0  respectively,  the  conductivity  ■ 

error  increased  to  about  0.05  percent.  The  latter  corresponds  to  an  error  of 
about  0.02  ppt  at  a  salinity  of  35  ppt.  Since  the  maximum  errors  are  within 
the  limits  of  accuracy  of  process -type  salinity  transducers,  it  will  not  be  neces¬ 
sary  to  correct  for  the  effect  of  carbon  dioxide  on  the  measured  conductivity. 

2.  Temperature  and  Pressure  Effects 

Temperature  and  pressure  both  have  fairly  large  effects  upon 
the  measured  electrical  conductivity  at  a  given  salinity  level.  Although  numerous 
papers  have  been  published  on  this  subject,  only  two  of  the  more  recent  papers 
giving  detailed  treatment  of  these  effects  need  be  mentioned  here.  Weyl 
(Reference  2)  reviewed  and  compared  the  published  data  of  several  authors  and 
developed  an  equation  relation  conductivity  to  salinity  and  temperature.  Be¬ 
cause  of  the  awkwardness  of  Weyl's  equation,  additional  equations  relating 
conductivity  (K)  to  the  salinity  and  temperature  of  sea  water  were  .veloped  on 
this  program.  Table  2  gives  conductivity-salinity-temperature  dara  and  three  ■ 

different  equations  relating  these  three  parameters.  Additionally,  the  effect  of 
pressure  at  various  temperatures  ard  salinities  was  published  recently  by 
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Schleicher  and  Bradshaw  (Reference  3).  T  ble  3  shows  these  data  and  an  equation 
relating  the  effect  of  pressure  on  conductivity  at  various  temperatures  and 
salinities.  This  latter  equation  furnishes  the  multiplicative  factor  to  the  equations 
in  the  previous  table  when  the  effect  of  pressure  must  be  included.  At  constant 
atmonoheric  pressure  the  effect  of  pressure  is  negligible,  and  the  simpler 
equation  (Table  2)  can  be  employed. 

B.  ALKALINITY,  DISSOLVED  FREE  CARBON  DIOXIDE  AND  pH 

It  is  virtually  impossible  to  separate  the  discussion  of  these  three 
species  since  the  pH,  alkalinity,  and  carbon  dioxide  concentration  are  all 
intimately  related.  The  chemical  interactions  of  the  carbon  dioxide /carbonate 
system  are  shown  by  the  equation: 

Kn  K,  .  K,  , 

CO,  +  H,0  — 2-*  H,CO, - H  +  HCO  '  — ■-  >  2H  +  CO,  (2) 

L  C  y—  ■  C  j  ^ -  j  y —  -  J 

(»)  (b)  (c)  (d)  (c)  (e) 

It  should  be  pointed  out,  however,  that  equilibrium  does  not  always  exist  among 
these  species.  In  this  system  the  concentration  of  dissolved  free  carbon  dioxide 
is  indicated  by  (a),  the  carbonate  alkalinity  is  the  sum  of  (d)  and  (e),  and  the  pH 
io  proportional  to  (c)  via  the  equation: 

pH  =  -log  CH  (3) 

where:  C.,  =  hydrogen  ion  concentration,  moles /I 
rl 


or  expressed  in  terms  of  the  hydrogen  ion  activity: 

pH  =  -log  aR  (4) 

where:  a„  =  hydrogen  ion  activity,  moles /I 

The  relationship  among  alkalinity,  carbon  dioxide,  and  pH 
values  at  equilibrium  is  given  by  the  equation: 


CA  =  0.022722  C  x  d  x 


10 


pH 


10PKLl' 


1.0  + 


2. 0  x  10 


PH 


10 


pK- 


(5) 


where:  CA  =  carbonate  alkalinity,  meq/1 

C  =  carbon  dioxide  concentration,  ppm 
d  =  solution  density,  g/ml 
pH  =  solution  pH 
pKLl'  =  -logKL1' 

-  Lyman's  first  dissociation  constant  for  carbonic  acid 
pK2'(  =  -log  K^' 

=  Lyman's  second  dissociation  constant  for  carbonic  acid 


The  three  steps  of  the  reaction  given  in  equation  (2)  are  reversible 
and  incomplete.  The  completeness  of  the  reactions  as  written  is  expressed  in 
terms  of  their  thermodynamic  equilibrium  constants,  indicated  above  as  Kq, 
Kj,  and  K^. 

aH  c° 

K  =  - - - i— 

°  aHzO • aCOz 


aH  ‘  aHCO. 


H2C°3 


aH  •  aCO. 


HCO. 


The  use  of  activities  is  impractical  and  therefore  new  constants  have  been 
derived  for  oceanographic  work.  In  one  set  the  carbonate  and  bicarbonate 
values  are  expressed  as  concentrations  rather  than  as  activities  and  K 
and  Kj  are  combined  to  give  two  apparent  dissociation  constants:  ° 

,  aH  ’  CHCCL 

K  =  - - 

1  aH  O  •  aC02 


,  aH  *  CC03 
2  aHCCL 
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Lyman  has  prepared  a  set  of  values  in  which  the  first  dissociation 
constant  differs  slightly  from  that  given  in  equation  (1).  It  is  related  to  as 
follows: 


kli  s  k;  fP.'Po’  <V*.>  <n> 

where:  p#  =  vapor  pressure  of  sea  water,  atm 

pQ  =  vapor  pressure  of  pure  water,  atm 

o(Q  =  solubility  coefficient  of  CC^  in  pure 
water,  moles /I /atm 

=  solubility  coefficient  of  CO^  in  sea 
water,  moles /1/atm 


It  will  be  noted  that  Lyman's  constants  were  used  in  equation  (5),  above;  his  values 
(Reference  4)  will  be  used  throughout  this  report.  Tables  4  and  5  give  the  values 
for  pK,  .  and  pK,  respectively,  at  various  temperatures  and  salinities. 

Equations  derived  by  project  personnel  are  also  given  showing  the  effect  of 


temperature  and  salinity  upon  the  two  dissociation  parameters.  The  table 
following,  Table  6,  shows  the  effect  of  pressure  upon  these  dissociation  values 
as  reported  by  Harvey  (Reference  5)  and  gives  equations  derived  at  Aerojet  re¬ 
lating  pK.  .  and  pK'  to  the  salinity,  temperature,  and  pressure  of  the  sea  water 
sample.  u 1  & 


Reviewing  the  factors  that  affect  the  carbonate  alkalinity  as  determined 
by  equation  (5),  one  observes  that  it  is  dependent  upon  (1)  carbon  dioxide  concen¬ 
tration,  (2)  solution  density,  (3)  solution  pH,  and  (4)  the  dissociation  values  - 
pKlj  and  pK^  .  The  dissociation  values  are,  in  turn,  dependent  upon  salinity, 
temperature,  and  pressure.  It  should  be  noted  that  solution  density  is  also  a 
function  of  salinity,  temperature,  and  pressure,  as  is  discussed  in  paragraph  HI, 
E,  following.  Thus  the  complexity  of  the  chemistry  of  this  system  is  readily 
obvious.  It  is  also  apparent  that  for  given  salinity,  temperature,  and  pressure 
conditions,  the  alkalinity,  carbon  dioxide  concentration,  and  pH  are  inter¬ 
dependent  variables.  Under  such  circumstances  only  two  of  the  latter  can  operate 
as  independent  variables.  The  third  will  of  necessity  be  a  dependent  parameter. 

A  Fortran  IV  computer  program  was  prepared  to  solve  equation  (5) 
for  representative  temperature,  salinity,  pH,  and  carbon  dioxide  conditions. 

This  actual  computer  program  derived  for  the  solution  of  this  equation  is  repro¬ 
duced  as  Figure  1.  The  data  generated  ape  given  in  Tables  7,  8,  and  9.  The 
program  was  set  up  so  that  density,  pK.  .  and  pK-  values  were  derived  from 
the  temperature  and  salinity  conditions.  *The  carbonate  alkalinity  was  then 
computed  based  upon  the  representative  pH  and  carbon  dioxide  conditions  and 
calculated  values  for  density,  pK.  .  and  pK^.  The  pressure  variable  was 
intentionally  omitted  from  this  program. 
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Referring  again  to  equation  (2),  it  is  important  to  note  that  the  steps 
in  the  reaction  can  be  characterized  by  their  velocity  constants  as  well  as  by 
their  equilibrium  constants.  In  this  particular  system,  step  1  (Kq)  is  slovj  and 
becomes  slower  with  decreasing  temperature,  whereas  steps  2  and  3  (K .  and 
K,)  are  rapid.  The  slowness  of  step  1  imposes  severe  restrictions  on  the  design 
ora  system  that  is  expected  to  control  accurately  And  respond  rapidly.  If  the 
reaction  were  rapid,  for  example,  the  carbonate  alkalinity  could  be  controlled 
through  the  addition  or  removal  of  CO ^  and  tne  adjustment  of  pH.  But  because 
of  the  slowness  of  the  equilibrium,  the  chemical  factors  on  each  side  of  the 
reaction  must  be  controlled.  The  importance  >f  this  factor  will  be  brought  out 
again  later  in  the  discussion  of  the  system  des  jn. 

The  foregoing  discussion  and  equations  were  concerned  only  with 
the  carbonate  alkalinity.  The  total  alkalinity  is  comprised  of  the  carbonate 
alkalinity  plus  other  minor  amounts  of  alkalinity  contributed  by  phosphate, 
sulfide,  borate,  silicate,  selenate,  and  ammonium  ions,  in  normal  surface 
sea  water  these  minor  constituents  make  up  a  fairly  constant  alkalinity  of 
approximately  0.  10  meq/1. composed  mainly  of  borate  alkalinity.  This  nov- 
carbonate  alkalinity  would  be  increased  by  the  addition  of  phosphate  or  hydrogen 
sulfide,  as  indicated  by  the  equations: 


PA 


P  x  d 


1.0 


+ 


10 


-7.  125 


10 


10 


Tnrr 


(12) 


where:  PA  =  phosphate  alkalinity,  meq/1 

P  =  phosphate  concentration,  ppm 
d  =  solution  density,  g/ml 

~  10-7-041  ~~\ 

10-*  ♦  10-7  M1 J 

where:  SA  =  sulfide  alkalinity,  meq/1 

S  =  hydrogen  sulfide  concentration,  ppm 
d  =  solution  density,  g/ml 

As  examination  of  these  equations  for  representative  pH  values  at  the  desired 
maximum  phosphate  (100  ppm)  and  hydrogen  sulfide  (50  ppm)  control  values 
indicate  the  possible  magnitude  of  their  contributions.  At  a  pH  of  6.0  the 
phosphate  alkalinity  would  be  approximately  1.2  meq/1  and  the  sulfide 
alkalinity  would  be  approximately  0.  15  meq/1,  whereas  at  a  pH  of  9.C,  the 


and 


SA  = 


S  x  d 
T T" 
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phosphate  and  sulfide  alkalinities  would  be  respectively  2.  2  and  1.  5  meq/1. 
Thus  their  contributions  cannot  necessarily  be  neglected  and  the  total  alka¬ 
linity  (TA)  would  properly  be  expressed  by  the  equation: 

TA  =  CA  +  PA  +  SA  +  0.10 

The  solubility  of  carbon  dioxide  in  sea  water  is  considerably 
greater  than  that  of  oxygen  or  nitrogen  because  of  its  chemical  interaction. 
If,  however,  account  is  taken  only  of  the  dissolved  carbon  dioxide  as  such, 
Henry's  law  is  obeyed.  In  pure  water  the  concentration  is  given  by: 

r’C02  =  PC02  *  °<  o 

and  in  sea  water: 


(H) 

(15) 

(16) 


where:  Crn  =  carbon  dioxide  concentration, 

U2  moles /I 

P£Q  =  applied  pressure  of  carbon 
2  dioxide,  atm 

o<  ,  oC  -  solubility  coefficients,  mole  s/1 /atm 

O  8 

The  applied  pressure  has  a  linear  effect  upon  the  carbon  dioxide  solubility,  but 
the  solubility  coefficient,  mC  ,  is  further  affected  by  the  temperature  and  salinity 
of  the  sea  water.  This  relationship,  determined  by  Bohr,  was  taken  from 
Reference  4  and  is  shown  in  Table  10. 

In  summary,  it  will  be  noted  that  among  the  chemical  and  physical 
parameters  of  interest  in  the  simulator  design,  there  is  a  marked  interaction 
involving  the  a’Vaduuty-carbon  dioxide -pH  system.  In  addition  to  reacting 
among  themselves,  they  are  affected  by  the  salinity,  temperature,  and  pressure 
of  the  solution  in  which  they  interact;  alkalinity  is  also  increased  by  the 
addition  of  phosphate  or  hydrogen  sulfide  in  proportion  to  the  pH  of  the  solution. 

The  factors  discussed  above  reveal  that,  within  the  control  ranges, 
only  discrete,  compatible  combinations  of  the  chemical  and  physical  variables 
can  be  employed  to  effect  a  resultant  that  in  all  respects  falls  within  the 
specified  limits.  For  example,  it  will  not  be  possible  to  obtain  the  minimum 
alkalinity  (0.  5  meq/1)  at  a  high  pH  in  the  presence  of  high  phosphate  or  high 
hydrogen  sulfide  concentr«.t; ^ns.  Similarly  the  data  in  Tables  7,  8,  and  9 
reveal  that  it  would  be  impossible  to  remain  within  the  specified  alkalinity  range 
while  maintaining  a  high  pH  and  a  high  carbon  dioxide  concentration.  These  and 
other  similar  factors  must  be  taken  into  account  in  the  selection  of  operating 
conditions. 
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C.  DISSOLVED  OXYGEN,  DISSOLVED  HYDROGEN  SULFIDE, 

AND  Eh 

The  redox  potential  (E.  )  of  sea  water  is  determined  primarily  by  the 
concentration  of  dissolved  oxygen  or  dissolved  hydrogen  sulfide.  Roughly 
speaking,  positive  redox  potentials  correspond  to  the  presence  of  dissolved 
oxygen,  whereas  negative  values  indicate  a  reducing  medium  such  as  exists  in 
the  presence  of  dissolved  hydrogen  sulfide.  The  progression  from  positive  to 
negative  values  corresponds  roughly  to  increases  in  depth.  This  is  shown  in 
the  data  of  Table  11  taken  from  Riley  (Reference  4).  The  data  also  indicate 
that  the  sensitivity  of  the  redox  potential  to  changes  in  oxygen  or  hydrogen 
sulfide  concentrations  is  greatest  in  the  transition  region  where  the  concen¬ 
trations  of  both  are  low. 


The  oxygen  in  sea  water  may  come  from  the  atmosphere  or  be 
generated  in  photosynthetic  processes.  It  is  consumed  by  respiration  (bio¬ 
chemical)  and  by  chemical  reactions.  The  possible  chemical  reactions  include 
oxidation  of  organic  matter  and  the  oxidation  of  hydrogen  sulfide  or  other  dis¬ 
solved  inorganic  substances.  The  chemical  reactions  may  be  written  in  the 
general  form: 

4H+  +  02  +  Red=  - >  Ox++  +  2H20  (17) 

which  shows  that  the  reduced  form  (Red-)  is  oxidised  to  the  oxidised  form 
(Ox++),  and  oxygen  is  reduced  to  water. 


equation: 


Th  -  redox  potential  of  this  reaction  is  expressed  by  the  Nernst 


RT 
'o  "W" 


E  =  E  -  -^r-  In  L 


or  E  =  E 


0.0001984  T 


n 


log  L 


(18) 

(19) 


where:  £  = 

E  = 

o 

T  = 
n  = 


L  = 


half-cell  potential,  volts 

standard  potential  of  the  half-cell,  volts 

temperature,  deg  C 

number  of  electrons  involved  per  mole 
of  reactant 

Ox++l  <H+>4 

= 


(°2) 


<h 2oy 


In  the  case  of  L,  the  values  in  parentheses  denote  concentrations  of  the  indicated 
species. 
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In  the  measurement  situation  the  redox  potential  is  determined  by 
measuring  the  potential  of  the  (predominant)  half- reaction  versus  a  reference 
electrode  having  a  potential,  E  ..  The  E,  value  for  sea  water  containing  dis 
solved  oxygen  may,  therefore,  of  expressed  by  the  equation: 

.e  . -  e  +  JL2®£i2*i2.  log 
ref  on  • 


istiVa 

(l^O)2 


(20) 


It  will  be  noted  that  this  equation  shows  the  interdependence  between  the  dis¬ 
solved  oxygen  concentration  and  E^.  It  also  shows  that  temperature  and  pH 
(H+)  have  an  effect  upon  the  measured  value  of  E.  ;  however,  in  most  cases 
the  effect  of  these  two  parameters  will  be  small. 


The  coexistence  of  dissolved  oxygen  and  hydrogen  sulfide  is 
apparently  not  a  thermodynamically  stable  situation.  Ostlund  and  Alexander 
(Reference  6)  investigated  the  rate  of  oxidation  of  sulfide  in  sea  water  at 
25  deg  C.  They  found  that  if  there  is  a  large  excess  of  oxygen  or  a  good  supply 
from  convection,  the  reaction  between  oxygen  and  sulfide  ion  may  be  treated 
as  a  first-order  reaction.  At  an  oxygen  concentration  of  5  ml/1  the  rate  con¬ 
stant  was  approximately  0.  04/min.  and  the  half-life  of  sulfide  was  about  17 
minutes.  They  suggested  that  where  diffusion  of  one  or  both  reactants  is  re¬ 
quired  to  obtain  contact,  steady- state  concentrations  may  be  established. 

Indications  are  that  the  reaction  proceeds  according  to  the  equation: 

2HS'  +  202  - »  S2°3=  +  H2°  (21) 

As  both  theoretical  and  practical  evidence  indicate  that  the  two  species  will  not 
remain  together  in  substantial  concentrations  for  any  reasonable  length  of  time, 
redox  potential  is  predicated  on  the  concentration  of  dissolved  oxygen  or  hydrogen 
sulfide,  but  not  both. 


The  saturation  concentration  (upper  limit  of  solubility)  of  oxygen  in 
sea  water  is  established  by  the  temperature  and  salinity  of  the  sea  water  system. 
Thermodynamic  calculations  indicate  that  the  saturation  solubility  of  oxygen  in 
sea  water  is  relatively  unaffected  by  pressure.  The  solubility  at  various  temper¬ 
atures  and  chlorinities  (salinities),  as  determined  by  Fox  (Reference  7),  is  given 
in  Table  12.  This  table  also  contains  an  equation  that  fits  the  data.  The  equation 
expresses  the  solubility  oi  oxygen  in  ml/1  at  NTP  in  sea  water  equilibrated 
with  dry  air  at  a  total  pressure  of  760  torr.  Later  values  obtained  by  Truesdale, 
Downing,  and  Lowden  (Reference  8)  are  somewhat  lower  than  those  of  Fox. 

Recent  experimental  work  by  Montgomery,  Thom,  and  Cockburn  (Reference  9) 
gives  results  that  are  in  fair  agreement  with  those  of  Fox  and  thus  his  values 
will  be  used. 


Ostlund  ami  Alexander  (Reference  6)  state  that,  "At  the  pH  of  sea 
water,  8.  2,  about  95  percent  of  the  sulfur  is  present  as  HS~ .  "  Clearly  then, 
if  a  hydrogen  sulfide  concentration  of  50  ppm  is  to  be  maintained,  the  bisulfide 
(HS~)  concentration  will  have  to  be  approximately  950  ppm  (.  028  molar).  More 
realistically,  it  is  taken  that  the  upper  limit  of  50  ppm  will,  in  solution,  be 
the  combined  hydrogen  sulfide  and  bisulfide  concentrations. 
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D.  PHOSPHATE 

The  dissolved  phosphate  in  sea  water  is  evidently  present  as  the 
orthophosphate,  primarily  as  H,PO  ~  and  HPO .  .  The  average  phosphate 
concentration  is  approximately  6.  2  ppm,  although  in  the  uppermost  100  meters 
0  or  so  the  concentration  is  usually  a  good  deal  less  because  of  the  biological 

processes  that  consume  it.  In  the  simulator  system  the  factor  of  primary 
concern,  aside  from  the  interference  of  phosphate  with  alkalinity  as  noted 
previously,  would  be  the  biological  removal  of  added  phosphate.  Kuensler, 
Guillard,  and  Corwin  (Reference  10)  have  described  a  procedure  for  the  pre¬ 
paration  of  phosphate -free  sea  water  for  reagent  blanks  by  brief  contact 
with  phosphorus -deficient  diatoms,  P.  tricornutum.  Under  the  conditions 
they  used,  more  than  97  percent  of  the  phospHiate  was  removed  in  2  to  3  hours. 
Since  sea  water  normally  contains  less  than  one  ppm  of  phosphate  and  the 
simulator  specification  calls  for  the  addition  of  up  to  100  ppm,  if  phosphate¬ 
consuming  microorganisms  are  present  they  might  thrive  on  the  hugh  excess 
and  make  it  difficult  or  impossible  to  maintain  the  desired  concentration. 

E.  DENSITY 

The  relationship  of  changing  physical  and  chemical  conditions  to 
the  density  of  sea  water  bears  on  the  design  problem  at  hand.  In  the  case  of 
parametrically  expressed  weight  ratios  (salinity,  carbon  dioxide,  hydrogen 
sulfide,  and  phosphate),  simple  density  variations  brought  about  by  systemic 
.  changes  in  temperature  and  pressure  have  no  effect.  However,  density  changes 

'  can  have  a  significant  effect  in  cases  of  weight/volume,  volume/volume 

(oxygen),  or  equivalent /volume  (alkalinity)  ratios.  Sea  water  density  is  a 
function  of  salinity,  pressure  and  temperature.  Typical  values  of  density  as 
a  function  of  temperature  and  salinity  are  given  in  Table  13  along  with  an 
equation  derived  at  Aerojet  relating  density  to  these  parameters.  The  data 
of  Newton  and  Kennedy  (Reference  11)  given  in  Table  14  also  includes  the  effect 
of  pressure.  The  data  are  given  as  specific  volume,  the  reciprocal  of  density. 
The  equation  given  in  the  same  table  relating  these  parameters  is  more  generally 
applicable  than  the  one  in  Table  13,  but  the  equation  in  the  latter  table  is  more 
convenient  to  use  at  constant  atmospheric  pressure,  where  the  effect  of  pressure 
may  be  neglected. 
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IV. 


TRANSDUCER  REVIEW 


In  screening  transducers  for  potential  application  to  the  simulator  design, 
consideration  was  given  only  to  automatic  methods  of  measurement.  As  in  any 
pror  ss  control  system,  in-line  transducers  were  favored  and  are  suggested  for 
use  the  simulator  design,  wherever  possible.  Acceptable  in-line  transducers 
wert  .ot  found  for  several  chemical  measurements,  which  dictated  that  off-line 
automatic  or  repetitive -type  analysis  procedures  be  adopted.  High  priority  was 
given  to  high  accuracy  and  rapid  response. 

The  sections  that  follow  review  the  various  procedures  known  to  be 
commercially  adapted  in  hardware  form  and  make  recommendations  for 
acceptable  transducer  types  for  each  analysis.  Transducers  for  the  measure¬ 
ment  of  pressure,  temperature,  flow,  level,  and  density  are  not  reviewed  here, 
since  a  wide  variety  of  devices  meeting  the  requirements  of  this  system  have 
been  commercially  available  for  many  years. 

A.  SALINITY 

Several  physical  methods  have  been  considered  by  oceanographers 
for  the  determination  of  salinity.  Of  the  four  popular  approaches  -  conductivity, 
refractive  index,  sound  velocity,  and  densit”  -  each  is  temperature  and  pressure 
sensitive.  However,  most  commercial  salinometers  are  based  upon  the  measure¬ 
ment  of  refractive  index  or  conductivity.  The  latter  technique  is  preferred  by 
most  workers,  as  it  probably  offers  the  highest  ultimate  accuracy. 

1.  Refractive  Index 


The  use  of  refractive  index  for  the  determination  of  salinity 
apparently  has  not  gained  widespread  use  among  oceanographers  in  spite  of  the 
fact  that  the  temperature  sensitivity  of  this  technique  is  much  lower  than  that  of 
conductivity  measurements.  Sample  temperature  can  vary  by  +  2  deg  C  with¬ 
out  producing  a  significant  error  in  the  salinity  value  derived  Ey  refractive 
index.  For  a  one  ppt  increase  in  salinity,  the  refractive  index  increases  by 
approximately  0.0002.  In  order  to  achieve  a  sensitivity  of  G.  05  ppt,  one  would 
have  to  measure  the  refractive  index  precisely  to  0.  00001.  Since  the  best 
commercial  in-line  refractometer  has  a  sensitivity  of  about  0.0002  refractive 
index  units,  these  process  instruments  are  capable  of  monitoring  salinity  values 
to  only  about  one  ppt. 

2.  Conductivity 

A  large  selection  of  instruments  are  commercially  available 
for  determining  salinity  conductimetrically.  The  two  basic  types  involve:  (1) 
the  measurement  cf  d-  c  conductivity  between  two  electrodes  (usually  platinum), 
and  (2)  the  determination  of  a-c  conductivity  between  two  coils  inductively 
coupled  by  the  sea  water  medium.  The  two  techniques  appear  to  provide 
equivalent  accuracies.  The  inductive  coupling  approach  offers  the  advantages 
that  (1)  there  is  no  polarization  problem  at  the  electrodes,  and  (2)  the  metal 
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electrodes  do  not  come  into  direct  contact  with  the  sea  water,  and  thus  are 
relatively  unaffected  by  fouling  and  corrosion.  Inductively  coupled,  conductivity- 
type  transducers  are  recommended  for  use  in  this  design. 

As  the  conductivity  measurements  are  pressure  and  temperature 
sensitive,  the  accuracy  obtained  in  salinity  determinations  will  depend  upon  the 
degree  of  compensation  of  the  transducer  as  well  as  its  own  intrinsic  accuracy.  A 
temperature  change  of  0.  001  deg  C  produces  a  change  in  conductivity  of  one  part 
in  40,000  at  35  ppt  salinity.  In  order  to  obtain  an  accuracy  of  0.  01  ppt,  the 
temperature  would  have  to  be  controlled  to  within  approximately  0.  01  deg  C. 
Commercial  sensors,  temperature-compensated  over  a  range  of  0  to  30  deg  C  and 
suitable  for  in-line  installation,  furnishing  accuracies  of  0.  03  ppt  are  available 
(quality  laboratory  devices  give  accuracies  of  0.003  ppt).  Pressure  (to  6000 
meters)  and  temperature  compensated  sensors  are  also  available  that  provide  an 
accuracy  of  0.  03  ppt. 

B.  ALKALINITY 

As  fAi  as  is  known  there  is  no  true  in-line  alkalinity  sensor.  The 
continuous  analyzers  available  are  simply  devices  that  have  automated  the  color¬ 
imetric  or  titrimetric  procedure  for  the  alkalinity  determination.  Sea  water  is 
removed  'rom  the  process  line  by  means  of  a  sampling  tee  and  directed  to  the 
automatic  analyzer.  Some  devices  mix  sample  and  reagents  and  measure 
alkalinity  colorimetrically,  while  others  titrate  to  an  acidixnetric  end  point.  In 
each  case  a  signal  proportional  to  alkalinity  is  produced.  These  processes  may 
give  repetitive  or  continuous  analyses  of  the  stream. 

The  best  accuracy  of  such  devices  is  on  the  order  cf  two  percent 
and  may  typically  be  three  percen’..  The  response  time,  determined  by  the 
length  of  the  sample- and- measure;  cycle,  is  typically  3  to  5  minutes.  Although 
these  analyzers  do  not  possess  the  accuracy  or  response-time  characteristics 
that  are  desired,  they  must  be  incorporated  in  the  simulator  design  because  no 
other  alkalinity-measuring  technique  appears  to  be  currently  available. 

C.  DISSOLVED  FREE  CARBON  DIOXIDE 

Carbon  dioxide  is  commonly  measured  in  process  streams  by  gas 
chromatographic  (GC)  or  non-dispersive  infrared  (NDIR)  techniques.  Recently 
one  company  introduced  a  "carbon-dioxide  electrode.  "  These  three  techniques 
for  carbon  dioxide  measurement  are  reviewed  here  with  a  view  to  their  appli¬ 
cability  to  the  present  analysis  situation.  The  NDIR  approach  is  recommended 
in  this  design. 


1.  Carbon  Dioxide  Electrode 


In  recent  months  Beckman  Instruments  has  developed  an 
electrode  for  the  measurement  of  carbon  dioxide  concentrations.  The  sensing 
element  consists  of  a  glass-calomel  electrode  pair  immersed  in  an  electrolyte 
that  is  one  molar  in  potassium  chloride  and  one-hundredth  molar  in  sodium 
bicarbonate.  The  electrolyte  is  separated  from  the  process  fluid  by  means  of  a 
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gas -permeable  membrane.  Carbon  dioxide  in  the  process  stream  diffuses  through 
the  membrane  and  reacts  with  the  electrolyte,  changing  its  pH.  The  pH  change, 
sensed  by  the  glass-calomel  electrode  pair,  is  proportional  to  the  carbon  dioxide 
concentration  in  the  sample  stream  (which  may  be  either  a  liquid  or  gas)  from 
0  to  100  percent.  The  manufacturer  reports  that  a  ten-fold  change  in  the  carbon 
dioxide  concentration  gives  a  55  to  57  mv  signal  change.  The  optimum  sensitivity 
is  in  the  range  from  1.  3  to  100  percent  carbon  dioxide  (gas  phase). 

One  major  problem  with  this  sensor  is  the  long  response  time. 

In  the  1.  3-to-100  percent  range  the  response  time  is  approximately  10  to  15 
minutes.  Below  1.  3  percent  the  response  time  may  be  as  long  as  25  to  30  minutes. 
Thir  slow  response  arises,  not  from  mass  transfer  rate  through  the  membrane, 
but  because  of  the  slow  rate  of  hydration  of  carbon  dioxide  to  form  carbonic  acid. 
This  is  the  same  slow  reaction  discussed  earlier  and  indicated  in  equation  (2)  as  Kq. 
This  velocity  constant  is  temperature  dependent,  so  that  the  response  time  of  the 
carbon  dioxide  sensor  will  also  be  temperature  dependent.  Inasmuch  as  the  carbon 
dioxide  levels  operating  in  the  simulator  will  be  well  below  one  percent,  the  carbon 
dioxide  electrode  would  not  be  acceptable  for  use. 

2.  Gas  Chromatography 

Recent  interest  in  the  rapid  analysis  of  dissolved  gases  in  sea 
water  has  led  to  the  development  of  specialized  gas  chromatographs  for  this 
purpose.  One  commercial  gas  analyzer  is  based  upon  the  technique  described  by 
Linnenbom,  Swinnerton,  and  Cheek  (Reference  12)  of  the  U.  S.  Naval  Research 
Laboratory  (USNRL)  for  the  determination  of  dissolved  oxygen,  nitrogen,  and 
potentially  carbon  dioxide.  Williams  and  Miller  (Reference  13),  also  of  the  USNRL, 
have  described  an  instrument  for  the  analysis  of  oxygen,  nitrogen,  and  carbon 
dioxide  in  sea  water.  Both  groups  of  workers  noted  that  their  methods  may  be 
adaptable  for  hydrogen  sulfide  determination.  This  research  has  established  the 
feasibility  of  gas  chromatographic  methods  for  the  determination  of  dissolved 
gases,  as  has  been  amply  demonstrated  by  the  U.  S.  Navn.1  Oceanographic  Office 
both  at  sea,  and  in  the  laboratory. 

The  actual  analysis  involves  first  the  separation  of  dissolved 
gases  from  the  sea  water  by  stripping  the  latter  with  a  carrier  "as.  After  any 
necessary  gas  treatment  such  as  drying,  the  remaining  gases  are  separated  into 
components,  which  are  then  detected  by  the  gas  chromatograph.  Two  different 
stripping  methods  are  utilized  in  the  two  approaches  mentioned  above.  The  first, 
using  a  glass  column  with  a  fritted-glass  disk  in  the  bottom,  achieves  separation 
by  bubbling  the  purge  gas  up  through  the  sea  water.  The  second  employs  a 
multiple  spinning-disk  stripper  to  transfer  dissolved  gases  from  the  liquid  to  the 
purge  gas.  In  each  case  the  purge  gas,  helium,  serves  as  the  carrier  gas  for  the 
separation  step  in  the  gas  chromatograph.  Both  techniques  employ  a  Molecular 
Sieve  packing  in  the  separating  column  and  thermal  conductivity  detectors. 

In  general  a  Molecular  Sieve  column  will  separate  nitrogen  and 
oxygen,  but  will  not  elute  peaks  for  carbon  dioxide,  hydrogen  sulfide,  and  certain 
other  dissolved-gas  components.  The  determination  of  carbon  dioxide,  for  example, 
requires  a  special  second  column. 
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Although  the  two  reports  cited  here  do  not  indicate  specifically 
the  sensitivity  to  carbon  dioxide,  this  value  can  be  estimated  from  the  sensitivity 
to  oxygen.  The  latter  states  that  in  the  use  of  a  fivc-ml  sea  wafer  sample,  the 
technique  can  sense  differences  in  the  oxygen  or  nitrogen  content  as  low  as  0.  02 
ml/1.  Assuming  saturation  values  for  oxygen  of  10  ml/1,  this  represents  a 
sensitivity  of  0.  2  percent.  However,  the  typical  accuracy  for  an  analysis  by  gas 
chromatography  is  not  better  than  2  percent. 

The  characteristic  cycle  time  for  an  analysis  by  gas  chroma* 
fography  is  4  to  5  minutes.  This  is  one  of  the  primary  factors  operating  against 
its  use  in  this  application. 

3.  Non-dispersive  Infrared 

The  NDIR  technique  has  been  applied  quite  effectively  to  the 
determinate  of  carbon  dioxide  and  other  infrared-absorbing  gases  in  process 
streams.  The  cample  gas  is  passed  continuously  through  a  sample  cell  and  the 
intensity  of  its  infrared  absorbance  is  compared  to  that  of  a  non-absorbing  gas 
in  a  reference  cell.  The  detector  cell,  sensitized  to  carbon  dioxide,  compares 
the  intensity  of  radiation  received  from  sample  and  reference  cell  and  generates 
a  signal  proportional  to  the  carbon  dioxide  content  of  the  sample  stream. 

Several  factors  influence  the  analyzer  readings,  including  (1) 
the  composition  of  the  sample  gas,  (2)  the  total  pressure  of  the  sample  gas,  and  (3) 
the  temperature  of  the  system.  There  is  no  problem  if  carbon  dioxide  is  the  only 
mfrared-absorbing  gas,  but  if  other  compounds  are  present  that  absorb  sig¬ 
nificantly  in  any  of  the  principal  regions  of  the  carbon  dioxide  spectrum,  they  must 
be  removed  In  the  analysis  of  sea  water,  drying  the  stripped  gas  to  remove 
moisture  is  normally  adequate  treatment.  Fluctuations  in  temperature  and  pressure 
produce  corresponding  changes  in  sample  volume  that  results  in  apparent  variations 
in  concentrations. 


Although  the  readout  from  a  NDIR  analyzer  is  continuous,  a 
finite  time  is  required  to  sense  a  change  in  the  carbon  dioxide  content  of  sea 
water.  This  time  lag  results  not  only  from  the  stripping  and  drying  operations,  but 
from  the  delay  occasioned  as  the  prepared  sample  gas  displaces  the  gas  already 
present  in  the  cell  of  the  analyzer.  While  sensitivity  requirements  dictate  a  long- 
path  cell,  a  short  response  time  demands  a  short-path  (small  volume)  cell. 
Optimization  will  involve  a  trade-off  between  these  two  factors. 

One  of  the  earliest  and  most  accurate  NDIR  analyzers  was 
described  by  Smith  (Reference  M).  Several  of  these  instruments  have  been  used 
in  oceanographic  laboratories  with  good  results.  Takahaehi  (Reference  15)  found 
that  m  laboratory  use  the  instrument  provided  continuous  measurements  at  an 
accuracy  of  0.  3  ppm  at  the  100  ppm  level.  Unfortunately,  an  instrument  of  this 
specific  design  is  no  longer  commercially  available. 

At  the  present  time  there  are  four  or  five  companies  offering 
NDIR  analyzers  for  process  type  applications.  These  instruments  provide  accuracies 
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of  one  or  two  percent.  The  response  time  of  the  instrument  is  approximately  0.  5 
sec,  but  the  response  time  of  the  entire  carbon  dioxide  sensing  step  is  on  the  order 
of  one  to  two  minutes  because  of  the  intermediate  gas  processes  just  mentioned. 
Nontheless,  the  accuracy  and  response  time  of  NDER  are  still  better  than  those 
obtainable  by  gas  chromatography. 

D.  pH 

The  pH  of  sea  water  may  be  determined  conveniently  using  the  glass- 
calomel  electrode  system.  Commercial,  in-line  devices  are  available  covering 
the  pK  range  from  0  to  11  with  an  accuracy  of  0.  02  pH  unit  and  with  a  24-hour 
stability  of  0.  01  pH  unit.  The  response  time  is  on  tine  order  cf  10  seconds.  Thus 
the  accurate  measurement  of  pH  should  be  no  problem. 


The  redox  potential  (E. )  of  sea  water  and  other  aqueous  solutions  is 
commonly  measured  by  means  of  a  platinum- calomel  electrode  pair.  Electrode 
assemblies  for  in-line  monitoring  are  commercially  available  giving  accuracies  of 
+  10  mv  over  the  standard  range  of  +1400  to  -1400  mv.  It  should  be  noted  that 
the  redox  potential  of  sea  water  normally  falls  within  the  range  from  +400  to  -150 
mv.  The  maximum  ^ange  that  could  be  obtained  in  sea  water  would  probably  be 
+  1300  to  -1000  mv,  where  water  or  dissolved  species  would  be  respectively  oxidized 
and  reduced.  The  suggested  specification  range  of  +2000  to  -2000  is  unnecessarily 
broad.  Because  the  platinum- calomel  electrode  pair  provides  a  response  time  of 
approximately  10  sec,  available  commercial  devices  would  appear  to  offer  the 
required  accuracy  over  an  adequate  range, 

F.  DISSOLVED  OXYGEN 

Many  oxygen  sensors  have  been  developed  for  process  applications. 

The  techniques  employed  include  catalytic  oxidation  of  hydrogen,  measurement  of 
oxygen  paramagnetism,  the  electrochemical  reaction  of  oxygen,  and  various 
automated  colorimetric  methods.  Then,  too,  dissolved  oxygen  may  be  stripped 
from  the  solution  and  determined  by  gas  chromatography,  as  discussed  in  paragraph 
IV.  B,  above.  Devices  based  upon  the  electrochemical  principle  are  best  suited  to 
the  present  design,  as  they  are  commercially  available  as  in-line  sensors,  provide 
short  response  times,  and  offer  accuracies  equivalent  to  other  techniques. 

In  the  electrochemical  sensors,  the  oxygen- sensitive  electrodes  are 
separated  from  the  sample  stream  by  a  selectively  permeable  membrane  of 
polyethylene  or  polytetrafluoroethylene.  Oxygen  diffusing  through  this  membrane 
reacts  electrochemically  at  the  electrodes  by  a  galvanic  or  coulometric  process. 

In  the  galvanic  cell  the  electrochemical  reduction  of  oxygen  produces  a  potential 
in  proportion  to  its  concentration.  In  the  coulometric  cell  an  appropriate  voltage 
applied  to  the  electrodes  of  the  cell  cause  the  electrochemical  reduction  of  the 
oxygen  at  the  cathode  and,  in  turn,  produces  a  current  in  proportion  to  the  oxygen 
concentration.  The  response  times  of  these  dissolved  oxygen  sensors  is  approxi¬ 
mately  10  sec.  ,  and  the  accuracy  is  normally  one  percent  of  full  scale  at  constant 
temperature. 
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When  the  sample  temperature  varies,  temperature  compensation  can  be  provided, 
although  at  a  considerable  sacrifice  in  accuracy.  By  operating  the  simulator 
system  at  constant  temperature,  it  should  be  possible  to  measure  oxygen  concen¬ 
tration  to  an  accuracy  of  +  0.  1  to  0.  2  ml/ 1  over  the  range  up  to  saturation. 

G.  DISSOLVED  HYDROGEN  SULFIDE 

Several  sulfide- sensitive  electrodes  have  been  evaluated  by  manu¬ 
facturers  for  commercial  applications.  These  metal/metal  sulfide  couples  include: 
silver/silver  sulfide,  mercury/mercury  sulfide,  and  lead/lead  sulfide.  Evidently 
these  electrode  systems  exhibit  irreversibility  and  drift  problems,  and  have  not 
come  into  general  use  for  the  measurement  of  hydrogen  sulfide  in  either  solution  or 
the  gas  phase. 

The  USNRL  gas  chromatographic  method  described  previously  in 
paragraph  IV.  B.  could  perhaps  be  developed  for  hydrogen  sulfide  determination, 
but  insofar  as  is  known,  there  are  no  available  commercial  devices  based  on  this 
technique. 


Colorimetric  gas  analyzers  have  been  developed  for  the  measurement 
of  hydrogen  sulfide  over  concentration  ranges  as  low  as  0  to  8  ppm.  The  hydrogen 
sulfide  is  absorbed  from  the  gas  phase  by  a  liquid  reagent  to  produce  a  colored 
species  that  is  measured  colorimetrically.  Because  a  gas  sample  is  required, 
the  first  step  necessarily  involves  the  separation  of  the  dissolved  hydrogen  sulfide 
from  sea  water  by  means  of  an  inert  stripping  gas.  The  colorimetric  procedure 
requires  approximately  10  minutes  and  gives  an  accuracy  oi  approximately  three 
percent  of  full  scale.  Although  the  accuracy  and  response  time  offered  here  do  not 
meet  those  desired,  the  technique  would  perhaps  be  acceptable  if  the  response 
time  could  be  brought  more  in  line  with  the  present  design  requirements. 

The  analyzer  recommended  for  inclusion  in  tne  simulator  system  is 
a  coulometric  gas  analyzer  that  is  available  commercially  for  the  determination 
of  hydrogen  sulfide  and  other  sulfur -containing  compounds  in  gas  streams.  The 
hydrogen  sulfide,  stripped  from  sea  water  by  means  of  an  inert  carrier  gas  such 
as  nitrogen,  is  absorbed  in  a  coulometric  titration  cell  where  it  is  continuously 
reacted  with  electrolytically  generated  bromine.  The  net  generating  current 
required  to  maintain  a  slight  excess  of  bromine  is  directly  proportional  to  the 
hydrogen  sulfide  concentration.  The  response  time  of  the  instrument  is  30  seconds, 
to  which  must  be  added  the  lag  time  of  the  sample  line  of  approximately  another  30 
seconds.  This  electrolytic  titrator  is  sensitive  to  0.  08  ppm  of  hydrogen  sulfide, 
but  provides  a  measurement  accuracy  of  only  5  percent. 

H.  PHOSPHATE 

Direct-reading  electrodes  for  phosphate  measurement  have  recently 
been  developed.  The  electrode  features  a  phosphate-sensitive  membrane  which 
unfortunately,  also  responds  to  large  concentrations  of  chloride  and  sulfate.  The 
manufacturer  claims  that  the  electrode  has  a  specificity  of  one  ppm  phosphate  in 
40  ppm  chloride  or  in  100  ppm  sulfate.  Thus  it  is  probable  that  in  sea  water  the 
electrode  would  be  totally  insensitive  to  phosphate. 
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It  appears  that  the  only  device  for  continuous  phosphate  analysis 
is,  as  in  the  case  of  alkalinity,  an  automatic  analyzer.  The  colorimetric 
procedure  used  in  the  laboratory  for  phosphate  determination  has  been  automated, 
furnishing  a  response  time  of  three  to  five  minutes.  The  accuracy  of  the 
analysis  falls  in  the  range  of  2  to  5  percent.  Although  this  does  not  meet  the 
0.  1  ppm  accuracy  originally  specified  (at  the  100  ppm  level),  it  is  the  best 
currently  offered  device  adaptable  to  process  control. 
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V. 


SUMMARY  OF  TRANSDUCER  RANGES  AND  ACCURACIES 


In  view  of  the  range*  and  accuracies  available  in  commercial  systems 
for  process  stream  applications,  the  transducer  specifications  summarized 
below  reflect  what  is  believed  to  be  the  best  available.  The  transducer  specifi¬ 
cations  are  compared  with  the  original  specifications  suggested  for  the  ultimate 
system.  This  list  includes  only  the  transducer  accuracy  and  does  not  factor 
in  the  accuracy  contributions  of  other  process  control  parameters,  which  will 
be  considered  in  later  sections. 


Chemical  Parameter 
Salinity,  ppt 
Alkalinity,  meq/1 
Carbon  Dioxide,  ppm 
PH 

E^,  mv 
Oxygen,  ml  '1 
Hydrogen  Sulfide,  ppm 
Phosphate,  ppm 


Tentative 

33,  0  to  35. 0,  +  0.  01 
0.  5  to  3.  0,  +0.1 
0  to  50,  +0.  5 
6.  0  to  9.  0,  +  0.  02 
+2000  to  -2000,  +  10 
0  to  saturation,  +^  0.  05 
0  to  50,  +_  0.  5 
0  to  100,  +  0. 1 


Transducer 
33.  0  to  35.  0,  +0.  03 
0.  5  to  3.  0,  +_  0.  06 
0  to  50,  +^0.5 
6.  0  to  9.  0,  +  0.  02 
*1400  to  -1400,  +  10 
0  to  saturation,  +^0.2 
C  to  50,  -f  2.  5 
0  to  100,  +  2 
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MATERIALS  OF  CONSTRUCTION 


In  the  construction  of  the  simulator,  non-metals  are  preferred  wherever 
their  use  is  practical.  However,  it  is  realized  that  metals  will  have  to  be  used 
in  contact  with  sea  water  in  certain  components.  This  section  briefly  discusses 
and  lists  some  of  the  metals  and  non-metals  that  are  reported  to  possess  accept 
able  corrosion  resistance  in  sea  water  service.  The  list  includes  only  the 
more  common  materials,  since  cost  considerations  would  often  rule  out  the  use 
of  exotic  materials. 

A.  METALS 

The  corrosion  of  metals  in  sea  water  has  been  reviewed  by  Fink 
(Reference  16).  He  notes  that,  "The  chemistry  of  sea  water  is  complex  and 
much  more  information  needs  to  be  developed.  Many  materials  behave  un- 
predictably  in  sea  water,  particularly  when  incorporated  into  actual  designs.  " 
He  also  stresses  that  corrosion  is  electrochemical  in  nature,  pointing  up  the 
need  for  care  in  the  use  of  dissimilar  metals  in  the  system.  Although  this 
report  deals  specifically  with  the  problems  encountered  in  desalting  plants,  the 
information  presented  indicates  that  titanium,  Monel,  Inconel,  and  Hastelloy  C 
would  be  acceptable  for  use  in  components  that  would  come  into  contact  with 
sea  water  in  the  simulator.  Titanium  should  normally  not  be  coupled  with  most 
other  metals  in  the  presence  of  sea  water  because  the  attack  upon  the  other 
metal  is  greatly  increased.  Titanium  is  the  preferred  metal  for  all  parts  in 
this  system  in  contact  with  sea  water. 

B.  NON-METALS 

Nearly  all  plastics,  polymers,  and  rubbers  are  chemically  com¬ 
patible  with  sea  water.  The  two  basic  problems  encountered  are  (1)  the  growth 
of  molds  and  microorganisms  on  certain  surfaces,  and  (2)  flow  under  stress. 
Thus  acceptable  non  -  joe J.  a  Is  should  possess  the  following  characteristics: 

•  No  added  plasticizer:-  Plasticizers  tend  to  promote  or 
support  the  growth  of  molds  and  microorganisms. 

•  Low  moisture  absorption:-  The  absorption  of  moisture 
causes  dimensional  changes  in  polymers. 

f  Low  cold  flow:-  Polymers  with  high  cold-flow  yield 
more  readily  under  stress. 

The  cold  flow  problems  can  be  minimized  by  designing  the  system  so  that  the 
weight  distribution  and  location  of  parts  results  in  minimum  stress. 

In  general  the  halogenated  (chlorinated  or  fluorinated)  polymers 
yield  better  corrosion  resistance  than  do  the  non -halogenated  materials.  Thus 
chlorinated  polyethers,  polyvinylchloride,  polytetrafluoroethylene,  and  other 
halogenated  polymers  are  recommended  for  first  consideration  as  materials  of 
construction,  keeping  in  mind  their  cold-flow  characteristics.  Polyethylene 
and  polypropylene  are  also  acceptable  materials  of  construction,  as  are  Pyrex 
"lass  and  glass -reinforced  plastics. 
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VII. 


DESIGN 


The  design  of  the  Sea  Water  Simulator  is  bated  upon  the  chemistry 
described  in  Section  Ill  and  upon  the  availability  and  characteristics  of  trans- 
ducers  reviewed  in  Section  IV.  The  design  is  set  forth  in  Aerojet  Drawing 
No.  099562,  Sheets  1  through  12,  reproduced  in  this  report  in  reduced  format 
as  Figures  2  through  13,  inclusively.  A  preliminary  specification,  AGC- 10545, 
covering  the  requirements  of  the  components  of  the  simulator  is  contained  in 
this  final  report  as  an  Appendix. 

This  section  provides  a  description  of  the  design  and  an  amplifi¬ 
cation  of  deta J'i  shown  in  the  drawing.  The  individual  sheets  present  functional 
and  detailed  representations  of  the  process  flow  plan  and  the  computer /controller. 
The  content  of  the  twelve  sheets  of  the  drawing  is  indicated  by  the  titles: 


Sheet 

Figure 

Title 

1 

2 

Index 

2 

3 

Equipment  List 

3 

4 

Instrumentation  Code 

4 

5 

Identification  of  Physical  and  Chemical  Parameters 

5 

6 

Process  Flow  Plan 

6 

7 

Functional  Block  Diagram  of  the  Computer /Controller 

7 

8 

Functional  Details  of  the  Digital  Computer 

8 

9 

Computer  Corrections 

9 

10 

Computer  Corrections 

10 

11 

Block  Diagrams  of  the  Analog  Controllers 

11 

12 

Block  Diagrams  of  the  Analog  Controllers 

12 

13 

Block  Diagrams  of  the  Analog  Controllers 

A.  OPERATIONAL  DESCRIPTION 


The  Sea  Water  Simulator  is  designed  to  provide  a  one  gpm  flow  of 
adjusted  sea  water  at  0  deg  C  and  at  less  than  50  psig.  The  process  flow  plan 
for  the  system  is  given  in  Figure  6  (Sheet  5).  The  incoming  (raw)  sea  water 
stream  is  obtained  from  an  existing  NCEL  facility,  which  takes  sea  water  from 
a  point  some  1000  ft  offshore.  This  raw  stream,  at  ambient  temperature,  is 
pumped  by  the  simulator  system  through  two  filters  in  series  to  remove  sand, 
suspended  particles,  and  microorganisms,  thus  effectively  sterilising  the  raw 
feed  stream.  The  filtered  sea  water  is  then  carried  to  pretreatment  tanks  for 
a  preliminary  adjustment  of  alkalinity  and  pH.  Just  prior  to  entering  the  first 
tank,  the  alkalinity  of  the  filtered  stream  is  periodically  measured  and,  if  the 
alkalinity  is  above  that  desired  in  the  final  output  stream,  a  controller  system 
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is  activated  causing  hydrochloric  acid  to  be  continuously  added  to  bring  the  pH 
of  the  solution  in  the  first  tank  down  to  5.  Simultaneously,  air  or  nitrogen  gas 
is  bubbled  through  the  solution  to  strip  the  sea  water  of  the  carbon  dioxide 
liberated  from  the  carbonate  system  by  the  &cid  addition.  The  choice  of  air  or 
nitrogen  depends  upon  whether  oxygen  or  hydrogen  sulfide  is  to  occur  in  the 
final  output  stream.  If,  on  the  other  hand,  the  alkalinity  of  the  filtered  input 
stream  is  at  or  below  that  required  in  the  output  stream,  acid  will  be  continu¬ 
ously  added  to  the  first  tank,  if  required,  but  only  to  adjust  the  pH  of  the  in¬ 
coming  stream  downward  and  to  within  0.  1  unit  of  the  pH  required  in  the  output 
stream.  In  the  second  tank,  if  required,  the  pH  is  adjusted  upward  by  the 
continuous  addition  of  sodium  hydroxide  solution  to  bring  the  pH  to  within  0.  1 
unit  of  the  desired  final  pH.  These  pH  adjustments  are  preliminary  and  aimed 
at  simplifying  the  process  chemistry  that  follows. 

After  this  pretreatment  the  stream  is  pumped  into  a  recirculating 
loop  via  a  heat  exchanger  that  lowers  the  sea  water  temperature  to  approxi¬ 
mately  0  deg  C.  Within  this  closed  loop,  the  sea  water  stream  is  circulated 
at  a  rate  of  20  gpm,  during  which  time  the  stream  is  constantly  analysed, 
adjusted  by  the  addition  of  solutions,  equilibrated  with  a  gas  mixture,  and 
maintained  at  a  temperature  of  zero  to  one  deg  C.  In  completing  one  cycle 
around  the  loop,  the  sea  water  receives,  as  required,  sodium  bicarbonate 
solution  (alkalinity  adjustment),  concentrated  sea  water  or  distilled  water 
(salinity  adjustment),  and  additional  sodium  hydroxide  solution  or  hydrochloric 
acid  solution  (final  pH  adjustment).  The  stream  is  passed  through  a  heat 
exchanger  and  then  through  a  counter -current  mixer  in  which  the  liquid  stream 
is  equilibrated  with  a  gas  stream.  The  gas  mixture,  containing  oxygen,  carbon 
dioxide,  or  hydrogen  sulfide,  as  required,  has  a  composition  such  that  the 
concentration  in  the  solution  phase  is  brought  to  that  desired  in  the  final  output 
stream.  As  the  sea  water  stream  exits  from  the  mixing  column,  it  is  again 
passed  through  a  heat  exchanger  and  then  pumped  through  the  analyzer  section. 
This  section,  consisting  of  duplicate  parallel  lines  to  facilitate  servicing  and 
calibration  during  extended  testing,  contains  in-line  transducers  or  sampling 
tees  to  bypass  stream  samples  to  analyzers.  Here  the  analysis  of  salinity, 
alkalinity,  dissolved  free  carbon  dioxide,  pH,  E^,  dissolved  oxygen,  dissolved 
hydrogen  sulfide,  phosphate,  temperature,  and  pressure  are  accomplished.  On 
leaving  the  analyzer  section,  the  stream  continues  around  the  loop.  A  portion 
of  this  adjusted  sea  water  is  removed  at  a  rate  of  one  gpm,  while  the  remainder 
acquires  a  one  gpm  input  stream  of  pretreated  sea  water  prior  to  recycle. 

On  leaving  the  loop,  the  one  gpm  stream  of  chemically  adjusted  sea 
water  passes  through  an  eductor  and  then  to  another  heat  exchange  stage.  The 
required  amount  of  phosphate  solution  and  sodium  bicarbonate  solution  (final 
alkalinity  adjustment)  are  added  at  the  eductor  to  create  the  concentrations 
desired.  The  eductor  also  provides  mixing  of  the  merging  streams.  The  final 
heat  exchanger  brings  the  temperature  of  the  adjusted  stream  to  the  same 
temperature  as  required  in  the  AMF  System.  This  sea  water  stream  is  now 
adjusted  to  the  final  concentrations  and  conditions,  except  for  those  brought 
about  by  pressurization.  For  the  reasons  outlined  below,  it  must  be  injected 
into  the  AMF  System  without  delay. 
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The  design  incorporates  a  computer/controller  to  handle  the  complex 
chemistry  of  sea  water.  A  small  digital  computer  is  incorporated  to  calculate 
the  interactions  among  salinity,  alkalinity,  carbon  dioxide,  pH,  oxygen,  hydrogen 
sulfide,  phosphate,  temperature,  and  pressure;  these  are  indicated  in  Figure  8 
(Sheet  7)  and  shown  in  detail  in  Figures  9  (Sheet  8)  and  10  (Sheet  9).  The  actual 
control  of  these  and  the  other  functions,  such  as  the  pretreatment  steps,  level 
control,  etc.  ,  is  handled  by  analog  controllers.  Their  function  is  indicated  in 
the  block  diagrams  of  Figures  11  through  13.  The  combined  digital -analog 
system  is  designed  to  give  the  optimum  accuracy  through  the  use  of  proportional 
analog  control  with  digital  error  reset. 

The  actual  mathematical  calculations  are  handled  in  the  digital  section 
of  the  computer /controller.  Salinity,  carbon  dioxide,  pH,  oxygen,  and  hydrogen 
sulfide  would  be  controlled  on  a  closed-loop  basis.  Phosphate  is  added  on  an 
open-loop  basis  at  the  eductor  in  the  output  stream  to  avoid  the  possibility  of  its 
concentration  being  reduced  by  microorganisms  during  the  continuous  treatment 
in  the  loop.  The  alkalinity  is  handled  on  a  combined  closed  loop/open  loop  basis 
because  of  the  physical  and  chemical  interactions  operating.  TTie  data  of  Tables 
7  through  9  show  the  equilibrium  alkalinity  values  at  various  pH,  salinity,  carbon 
dioxide,  and  temperature  levels.  These  data  show  that  in  going  from  0  deg  C  to 
some  higher  temperature,  increased  alkalinity  is  required  to  maintain  equilibrium 
among  fixed  values  of  pH,  carbon  dioxide,  and  salinity.  Thus  if  the  alkalinity, 
carbon  dioxide,  and  pH  parameters  were  adjusted  to  equilibrium  in  a  solution  of 
fixed  salinity,  temperature,  and  pressure,  and  then  this  solution  were  warmed 
to  some  higher  temperature  (or  subjected  to  a  higher  pressure),  equilibrium 
would  no  longer  prevail.  Some  anticipatory  effect  is  therefore  necessary.  The 
slow  step,  Ko.  indicated  in  equation  (2)  prohibits  any  practical  dependence  upon 
a  chemical  shift  to  achieve  the  desired  adjustment.  The  present  design  provides 
for  the  addition  of  alkalinity  at  the  eductor  to  make  up  the  deficiency  that  is 
created  by  the  change  of  temperature  and  pressure.  Thus  alkalinity  control 
invclves  closed-loop  control  in  the  recirculating  stream  and  open-loop  adjustment 
just  Oefore  the  solution  is  delivered  to  the  AMF  Controlled-Environment  System. 

In  effect,  then,  the  chemistry  of  the  output  stream  is  equilibrated  with  respect  to 
the  AMF  System  environment  and  must  therefore  experience  that  environment 
quickly  to  prevent  chemical  drift.  Similarly,  in  the  Sea  Water  Simulator,  accu¬ 
rate  control  can  only  be  realised  if  equilibrium  conditions  are  maintained. 

In  the  alkalinity-carbon  dioxide -pH  system  of  interacting  parameters, 
only  two  may  be  treated  as  independent  parameters  at  one  time.  This  design 
establishes  pH  as  always  being  one  of  the  independent  parameters,  while  the 
other  is  to  be  chosen  by  the  test  engineer. 

The  operation  of  the  simulator  will  normally  involve  a  one  to  two 
hour  start-up  time.  This  will  include  time  for  filling  the  loop,  and  the  time 
required  for  the  output  stream  to  be  brought  to  within  the  control  accuracy. 

This  does  not  include  time  for  preparation  of  solutions,  standardisation,  and 
the  like. 
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B.  REAGENTS 


The  rM|inlti  used  in  the  adjustment  of  composition  will  include 
gaaei  end  prepared  solutions.  The  gasee  -  nitrogen,  oxygen,  hydrogen 
sulfide,  end  carbon  dioxide  -  will  be  used  ne*t  and  not  a«  standardised 
mixtures.  The  prepared  solutions  will  include  hydrochloric  acid  (1. 0  N), 
sodium  hydroxide  (1. 0  N),  concentrated  sea  water  (70  ppt),  sodium  bicarbon¬ 
ate  solution  (>0C  meq/1  alkalinity  at  0  dsg  C),  and  sodium  dlhydrogen 
phosphate  solution  (30,  000  ppm  phosphate  st  0  dsg  C).  In  addition,  distilled 
water  will  be  required. 

All  tbs  solutions  will  be  made  up  in  distilled  water.  The  hydro¬ 
chloric  acid,  sodium  hydroxide,  and  concentrated  tea  water  do  not  need  to  be 
standardised  solutions,  although  the  concentrations  should  be  fairly  near  to 
the  noted  values.  The  alkalinity  and  phosphate  adjusting  solutions  must  be  at 
the  pH  desired  in  the  output  stream  and  caret  illy  analysed,  as  the  concen¬ 
tration  and  density  st  0  deg  C  need  t  be  k  iowt  accurately.  These  values  ate 
used  in  the  equations  utilised  by  the  c..  mput*.  ior  calculating  control  points. 

C.  EXPLANATION  OF  SYMBOLS 

1.  System  and  r  ^ncentration  Designations 

For  convenler.ce  in  discussing  the  adjustment  process  and  in 
expressing  mathematically  the  values  and  relationships  of  psrsmetera  associated 
with  the  various  steps  in  the  c  ntrol  proceee,  the  important  sections  of  the 
simulator  have  been  assigned  umber  subscripts.  The  sections  are  described 
in  the  upper  left-hanr1  area  if  Figure  5  (sheet  4)  under  "Positions  or  Conditions 
in  the  Sea  Water  Simulator  M  The  solution*  for  increasing  or  decreasing 
concentrations  in  the  sea  water  stream  are  also  included,  giving  a  total  of  eight 
sections  numbered  0  ♦hrough  7.  Thus,  for  example,  in  a  discussion  of  the 
system  it  is  convenient  to  refer  to  "the  flow  rat*  from  the  loop  at  T  *  0°C  and 
P*15  to  30  pels"  simply  as  F  2  or  "the  density  of  raw  sea  water  (filtered)  as 
d  5. 


Similarly  the  chemical  parameters  requiring  additions, 
adjustment,  or  control  have  been  numbered.  As  indicated  in  the  figure,  they 
'.Jive  beau  assigned  number*  1  through  11.  Thus  "the  salinity  concentration" 
la  simply  C*.  .  The  salinity  concentration  at  some  specific  point  may  be  indi¬ 
cated  by  adding  the  section  designation.  For  example.  Cq.,  represents  'Yh* 
salinity  of  the  adjusted  sea  water  leaving  the  loop,  designates  ths  salinity 

of  the  raw  sea  water  (filtered),  etc.  "  Thus  it  may  be  seen  that  the  system, 
once  understood,  greatly  simplifies  ths  process  of  referencing  certain  positions 
and  conditions  <  <thin  ths  Sea  Water  Simulator. 

A  further  examination  of  the  situation  reveals  that  the  density, 
volume,  weight,  and  flow  rate  of  see  water  at  a  given  point  in  the  system  poetess 
one  value  whether  they  are  being  discussed  with  respect  to  salinity,  to  alkalinity, 
or  to  any  other  of  the  chemical  parameters.  Thus  d^^  is  identical  to  d^2  »*** 


-27- 


i*  identical  to  Fq^-  For  the  moat  part,  it  is  not  necessary  to  maintain 
the  identification  between  the  physical  and  the  chemical  parameter.  A  list  of 
equivalent  terms  is  given  in  the  upper  right-hand  section  of  Figure  5  (Sheet  4} 
together  with  the  equivalent  subscript  that  does  not  tie  it  to  any  specific 
chemical  parameter.  This  latter,  the  00-  subscript,  is  used  extensively 
throughout  the  drawings  and  equations.  It  should  be  noted,  however,  that 
similar  relationships  do  not  necessarily  apply  for  the  concentrations  nor  for 
the  volume,  weight,  density,  and  flow  rate  characteristics  of  solutions  added 
to  the  sea  water  stream. 

2.  Transducer  Symbols 

The  previous  section  shows  the  derivation  of  the  terms  used 
in  expressing  concentrations,  volumes,  densities,  etc.  at  various  points  in 
the  sea  water  simulator.  In  many  cases  these  parameters  will  be  measured 
by  means  of  transducers  that  produce  an  electrical  signal  proportional  to  the 
quantity  expressed  by  Fqqj,  etc.  This  section  explains  the  symbols 

used  to  express  these  interrelationships. 

The  transducer  symbols  employed  in  the  Process  Flow  Plan, 
Figure  6  (Sheet  5),  follow  the  Instrument  Society  of  America  (ISA)  recommended 
practices.  The  set  point,  transducer,  indicate  anu  record,  and  control  notation.-? 
are  shown  in  Figure  4  (Sheet  3).  The  relationships  between  the  transducer 
symbols  and  the  quantities  they  irdicate  are  given  in  Figure  5  (Sheet  4).  The 
electrical  outputs  from  the  transducers  are  designated  simply  by  X  and  the 
quantity  being  measured.  Thus,  C-.„  is  the  alkalinity  of  the  sea  water  stream 
coming  from  the  loop  at  T  =0°C  ai.dTl*  =15  to  30  psia,  and  XC_2~  is  the  electrical 
signal  produced  by  the  transducer  measuring  that  quantity.  SiMiiarly,  the 
reference  signals  generated  by  the  digital  computer  are  designated  t  Y  and  the 
quantity  to  be  controlled,  such  as  YCQ2^.  These  relationships  are  shown  m 
Figure  5  (Sheet  4)  and  again  in  Figure  ?  (Sheet  8). 
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VIII. 


SUGGESTED  CONTROL  ACCURACY 


Ths  overall  control  accuracy  is  based  upon  the  combined  errors  of 
the  transducers  and  controllers.  The  error  is  minimized  in  this  design  by  the 
incorporation  of  digital  error  reset.  The  estimated  control  accuracy  given 
below  is  based  upon  these  considerations  and  upon  the  assumption  of  steady- 
state  operation  without  wide  fluctuations  in  the  composition  of  the  incoming 
sea  water.  The  values  listed  below  compare  (1)  the  tentative  values  listed  in 
the  original  statement  of  work,  (2)  the  transducer  accuracies,  and  (3)  the 
suggested  overall  control  accuracy  level. 


Control  Accuracy 


Parameter 

Tentative 

Transducer 

Control 

Salinity,  ppt 

0. 

01 

0.03 

0.035 

Alkalinity,  meq/1 

0. 

1 

0.06 

0.  1 

Dissolved  free  carbon  dioxide,  ppm 

0. 

5 

0,5 

1.0 

PH 

0. 

02 

0.02 

0.  03 

E^.  mv 

10. 

0 

10.0 

❖ 

Dissolved  oxygen,  ml/1 

0. 

05 

0.  1 

0.  15 

Dissolved  hydrogen  sulfide,  ppm 

0. 

5 

2.5 

3.  0 

Phosphate,  ppm 

0. 

1 

2.0 

3.0 

The  redox  potential  will  not  be  controlled. 


ft 
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IX. 


EXPERIMENTAL 


Although  basically  a  design  effort,  this  program  also  included  a  brief 
experimental  effort.  The  purpose  of  this  supplementary  work  was  to  validate, 
insofar  as  practical,  the  theoretical  chemistry  implicit  in  the  design  and 
functions  of  the  Sea  Water  Simulator,  and  to  evaluate  the  suitability  of  available 
commercial  sensors  for  use  in  such  a  system.  This  work  is  described  below. 

A.  PROCESS  VALIDATION  TESTS 

Chemical  manipulations  of  sea  water  were  performed  to  u#*  non- 
strate  that  the  process  design  recommended  here  will  effect  the  adjustments 
predicted,  and  without  introducing  unexpected  a^d  undesirable  results.  The 
experiments  selected  were  intended  to  reproduce  the  following  ke^  prceers 
functions  of  the  Sea  Water  Simulator:  (1)  pretreatment,  (2)  closee.-ioop 
adjustment,  and  (3)  final  phosphate  addition.  The  aim  of  step  (1)  u  ac  to 
demonstrate  the  efficacy  of  gas  stripping  for  the  reduction  of  sea  water 
alkalinity  (to  less  than  0.  50  meq/1),  while  the  aim  of  both  steps  (2)  and  (; 
was  to  arrive  at  a  product  brine  having  (at  0°C)  the  following  arbitrary 
composition: 


Salinity: 

Alkalinity  (carbonate): 
Dissolved  carbon  dioxide: 
pH: 

Dissolved  oxygen: 
Phosphate: 


34.00  ppt 

2.  24  meq/1  (dependent  variable) 

2.  00  ppm 

7.80 

3.89  ml/1 
25.  0  ppm 


A  target  value  of  5.  00  ppm  of  dissolved  oxygen  was  originally 
planned.  Because  this  fell  very  close  to  the  analysed  content  -  4.  95  ppm  -  of 
the  stock  sea  water  used,  the  value  was  changed  to  that  shown.  While  the  above 
composition  was  otherwise  wholly  arbitrary,  the  choice  between  using  oxygen  or 
hydrogen  sulfide  was  not.  The  latter  gas  was  found  to  be  absent  in  the  stock 
(surface)  sea  water.  It  was  decided,  therefore,  that  test  meaning  would  be 
enhanced  by  manipulating  the  gas  (oxygen)  of  this  incompatible  pair  that  would 
necessarily  undergo  both  the  removal  and  addition  processes. 


The  techniques  for  reproducing  the  Sea  Water  Simulator  chemical 
processes  involved  the  use  of  conventional  laboratory  glassware.  Because  of 
this,  and  the  difficulty  of  performing  conventional  oceanographic  analyses  on 
pressurized  samples,  all  of  the  process  effects  were  accomplished  at  ambient 
pressure. 


1.  Sea  Water  Analysis 

A  five -gallon  sample  of  sea  water  was  taken  from  the 
Santa  Catalina  channel  at  117°53'W;  33°32'N  from  a  depth  of  a  few  feet.  This 
was  brought  to  the  laboratory,  filtered  through  an  0  : 5 yj  filter,  and  analyzed 
by  standard  oceanographic  technique:  .  The  procedures  used  were  those  given 
by  Strickland  and  Parsons  in  "A  Manual  of  Sea  Water  Analyses'1  (Reference  17) 
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In  the  case  of  alkalinity  and  dissolved  carbon  dioxide  measurements,  supple¬ 
mental  data  was  obtained,  respectively,  by  acid  titrimetry  and  mass 
spectrometry.  The  sulfide  analysis  was  done  by  the  Gustafsson  colorimetric 
method.  The  following  analysis  was  obtained  for  this  stock  sea  water. 


Chemical  Parameter 


Analysis 


1. 

2. 

3. 


4. 

5. 

6. 

7. 

8. 

2. 


Salinity,  ppt 
Alkalinity,  meq/1 
Dissolved  carbon  dioxide,  ppm 
pH 

E^,  mv 

Dissolved  oxygen,  ml/1 
Dissolved  hydrogen  sulfide,  ppm 
Phosphate,  ppm 


33.75 
2.  38 
1.0 
7.  90 
143 
4.  95 

none  detected 
0.024 


Validation  of  the  Pretreatment  Process 


A  400  ml  sample  of  the  filtered,  room-temperature  sea 
wafer  was  processed  to  evaluate  the  efficiency  of  acid  stripping  for  the  removal 
of  carbonate  alkalinity.  Nitrogen  gas,  introduced  through  a  fritted  glass 
cylinder,  was  used  to  remove  the  carbon  dioxide.  Without  interrupting  the  gas 
flow,  the  pH  of  the  sea  water  was  carefully  lowered  to  5.  00  with  N/10  hydro¬ 
chloric  acid  and  then,  without  pausing,  returned  to  the  original  value  (7.  90) 
with  N/10  sodium  hydroxide.  Following  this  treatment,  samples  were  analyzed 
and  found  to  contain  a  residual  alkalinity  of  0.  20  meq/1,  which  is  well  below  the 
target  value  of  0.  50  meq/1. 


3.  Validation  of  the  Closed-loop  Adjustment  Process 

A  3 -liter  sample  of  stock  sea  water  was  taken  through 
exactly  the  same  pretreatment  step  as  just  described.  At  the  completion  of 
the  pretreatment,  the  solution  was  cooled  and  maintained  at  a  temperature 
between  0  and  2°C.  Based  on  Tables  10  and  12,  the  purge  gas  was  changed 
from  pure  nitrogen  to  a  mixture  in  nitrogen  containing  0.  071  volume-%  CO^ 
and  10.  1  volume-%  (X  to  produce  the  desired  concentrations  of  dissolved  gases 
in  the  end  product.  Following  brief  equilibration,  a  measured  amount  of 
carbonate  alkalinity  solution  Abased  on  equation  5  and  Table  8)  and  concentrated 
sea  water  were  added  to  give  the  desired  product  concentrations.  The  pH  was 
then  adjusted  to  7.  80  using  N/10  HC1.  The  volumes  added  up  to  this  point  were 
as  follows: 
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Solution  Added 

Concentration 

Volume,  ml 

Untreated  sea  water 

see  analysis,  above 

3000. 0 

Hydrochloric  acid 

0. 100  N 

70.0 

Sodium  hydroxide 

0. 106  N 

13.  5 

Carbonate  alkalinity 

500  meq/1 

14.  34 

Concentrated  sea  water 

67.  50  ppt 

103. 35 

Hydrochloric  acid 

0. 100  N 

7.50 

4.  Phosphate  Addition 

Phosphate  and  sodium  hydroxide  solutions  (2.  728  and 
3.  00  ml,  respectively)  were  next  added  to  provide  a  product  brine  containing 
25.  0  ppm  phosphate,  while  maintaining  the  pH  at  7.  80. 

5.  Results 


The  final  product  was  quickly  packaged  in  zero-ullage 
containers  to  prevent  the  loss  of  dissolved  gases,  and  was  then  chemically 
analyzed.  The  results  obtained  are  tabulated  below  together  with  the  target 
values.  Necessarily,  certain  of  the  data  were  based  on  calculated  (asterisked) 
values  derived  from  volumetric  and  "by-difference"  data.  The  contribution  of 
phosphate  to  the  total  alkalinity,  for  example,  was  calculated  using  equation  12. 
This  is  fully  consistent  with  the  limitations  of  the  present  oceanographic 
analytical  methodology.  Replicate  values  were  all  within  the  experimental 
precision  required  of  the  standard  oceanographic  techniques. 


Chemical  Parameter 

Goal 

Result 

Salinity,  ppt 

34.  00 

33.  94 

PH 

7.  80 

7.  80 

Alkalinity,  meq/1,  totaJ 

- 

2.84 

"  "  ,  carbonate 

2.  24 

2.  18  * 

"  ",  phosphate 

- 

0.  49  * 

"  "  ,  residual 

- 

0.20 

Dissolved  CO^,  ppm 

2.0 

1.8 

E^,  mv 

- 

132 

Dissolved  O-,,  ml/1 

3.89 

3.86 

Phosphate,  ppm 

25.0 

25.  1 

Hydrogen  sulfide,  ppm 

0.0 

0.0 

It  is  obvious  from  these  data  that  the  chemical  manipu¬ 
lations  implicit  in  the  process  design  features  of  the  simulator  do  provide  the 
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expected  results.  It  is  also  gratifying  to  note  that,  with  only  one  small 
exception,  the  values  obtained  fall  within  the  control  tolerances  suggested 
in  Section  VIII.  In  view  of  the  many  manual  operations  employed  in  this 
experiment,  results  of  such  quality  were  not  expected. 

B.  EVALUATION  OF  COMMERCIAL  TPANSDUCERS 

Attempts  were  made  to  obtain  various  transducers  and  measure¬ 
ment  systems  for  laboratory  evaluations  under  conditions  approximating  those 
envisioned  for  the  simulator.  Efforts  to  acquire  on  loan  a  gas  chromatograph 
for  oxygen,  carbon  dioxide  and  hydrogen  sulfide  measurement;  an  electrolytic 
titrator  for  hydrogen  sulfide  analysis;  and  a  NDIR  instrument  for  carbon 
dioxide  determinations  were  not  met  with  cooperation.  The  manufacturer  of 
the  carbon  dioxide -sensing  electrodes,  Beckman  Instruments,  loaned  two 
prototypes  for  evaluation.  The  Model  78525  electrode  was  tested  at  three 
carbon  dioxide  levels  -  0,  0.1,  and  100  percent  using  standard  electrolyte 
(1M  potassium  chloride,  0.01  M  in  sodium  bicarbonate)  and  electrolyte  without 
the  sodium  bicarbonate.  For  both  electrolytes  the  0  to  100  percent  carbon 
dioxide  change  gave  a  deflection  of  approximately  300  mv,  while  the  0  to  0.  1 
percent  change  produced  a  deflection  of  about  3  mv.  (The  second  prototype  had 
essentially  the  same  sensitivity  characteristics.)  While  this  latter  change  is 
not  detectable  on  a  1400  mv  range,  the  3  mv  signal  could  be  amplified  to  a 
measurable  deflection  by  expanding  the  scale.  Unfortunately,  this  also  amplifies 
the  instability  and  drift  of  the  pH  meter  used,  and  at  very  low  carbon  dioxide 
levels  this  noise  could  impair  the  accuracy  of  readings  or  mask  the  change  due 
to  carbon  dioxide.  The  response  time  at  low  carbon  dioxide  levels  was  observed 
to  be  on  the  order  of  30  minutes,  as  stated  by  the  manufacturer.  Thus  it 
appears  that  the  sensor  would  not  be  applicable  for  direct  determinations  of 
carbon  dioxide  in  sea  water  at  the  0  to  50  ppm  level.  It  might,  however,  be 
useful  for  the  determination  of  carbon  dioxide  in  the  gas  phase  after  it  had  been 
stripped  from  the  sea  water  and  concentrated  by  some  appropriate  method. 
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X. 


CONCLUSIONS  AND  RECOMMENDATIONS 


A.  CONCLUSIONS 

The  technical  survey  revealed  that  all  the  pertinent  data  with  regard 
tc  chemical  interactions  and  to  physical  interaction  of  salinity  and  temperature 
with  chemical  parameters  are  available  covering  the  ranges  of  interest  in  this 
system.  Data  showing  the  effect  of  pressure  are  generally  complete  up  to  about 
10,  000  psi,  but  data  covering  the  range  from  10,  000  to  20,  000  psi  are  sparse. 
This,  of  course,  would  not  prevent  the  use  of  the  Sea  Water  Simulator  in  the 
ranges  where  data  are  known.  Although  there  is  no  absolute  method  of  verifying 
the  accuracy  of  published  data,  the  values  used  in  this  design  are  believed  to  be 
the  most  accurate  available  at  this  time.  As  the  information  regarding  sea 
water  chemistry  and  interactions  are  updated,  expanded,  and  improved  in 
accuracy,  it  would  be  desirable  to  incorporate  the  new  values  to  improve  the 
accuracy  of  the  interaction  equations. 

The  review  of  commercial  transducers  shows  that  devices  for  the 
measurement  of  all  eight  chemical  parameters  are  available.  Many  of  these 
commercial  analyzers  do  not  provide  the  full  accuracy  that  was  hoped  for,  and 
many  have  a  response  time  that  is  much  longer  than  is  desirable  in  the  analysis 
and  control  of  a  process  stream. 

The  design  set  forth  here  involves  a  combined  closed-loop/open- 
loop  control  of  seven  of  the  eight  chemical  parameters.  The  simulator  incorpo¬ 
rates  a  digital  computer  to  provide  rapid  calculation  and  updating  of  the  control 
signals,  to  make  digital  reset  corrections,  and  to  give  a  continuous  reference 
signal  for  the  controllers  without  regard  to  the  response  times  of  the  transducers. 
By  combining  these  features,  and  because  the  sea  water  being  brought  to  the 
simulator  for  adjustment  will  have  a  relatively  constant  composition,  the  output 
stream  under  steady-state  operation  can  be  controlled  to  an  accuracy  that  is 
either  equal  to  or  only  somewhat  lower  than  that  originally  specified. 

B.  RECOMMENDATIONS 

It  is  recommended  that  the  study  and  work  completed  and  the  con¬ 
clusions  arrived  at  under  this  contract  be  utilized  in  planning  and  executing  three 
further  steps  in  an  overall  program  of  determining  the  chemical  properties  of 
sea  water. 


1.  Finalization  of  Design 

The  preliminary  design  provided  under  this  contract  should  be 
finalised  with  a  view  to  the  early  construction  of  the  Sea  Water  Simulator.  The 
final  design  should  provide  versatility  so  that  results  and  improved  data  obtained 
in  its  use  or  derived  in  later  experimentation  can  be  incorporated  into  its  program 
or  control  routine. 
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2. 


Fabrication 


The  fabrication  of  the  Sea  Water  Simulator  should  be  completed 
as  soon  as  possible  so  that  urgently  needed  corrosion  data  can  be  derived.  As 
an  added  bonus,  the  simulator  should  also  find  use  in  the  derivation  of  improved 
chemical  data  for  sea  water  and  for  the  evaluation  of  future  transducers. 

3.  Development  of  Transducers 

It  is  suggested  that  more  accurate  and  more  rapidly  responding 
transducers  be  developed,  particularly  for  alkalinity,  phosphate,  carbon  dioxide, 
and  hydrogen  sulfide.  These  improved  transducers  would  greatly  benefit  the 
study  of  the  chemical  balance  in  the  ocean  environment  and  aid  in  the  under¬ 
standing  of  chemical  interactions. 
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TABLE  1 

TYPICAL  COMPOSITION  OF  PACIFIC  OCEAN  OR 
PORT  HUENEME  SURFACE  SEA  WATER 


Chemical  Parameter 
Salinity,  ppt 
Alkalinity,  meq/1 
Carbon  Dioxide,  ppm 
pH 

E,  ,  mv 
h 

Oxygen,  ml/1 
Hydrogen  Sulfide,  ppm 
Phosphate .  ppm 


Typical  Range 
33.  25  to  33.32  ♦ 
2. 4  to  2. 6 
16  to  40 

7.62  to  8.17  * 

+63  to  +187  * 

5.  42  to  5.  74  * 

0 

0.  003  to  0.  3 


Shallow  water  in  the  vicinity  of  USNCEL,  Port  Hueneme. 


t 

1 

? 


TABLE  2 


SPECIFIC  CONDUCTIVITY  OF  SEA  WATER* 
♦Conductivity  in  milliohms/cm 


s. 

Temperature. 

deg  C 

ppt 

0 

_2_ 

1C 

15 

20 

25 

31 

26.005 

29.  968 

34. 131 

38. 467 

42.954 

47.  584 

32 

26.  771 

30.843 

35.122 

39.  57< 

44.192 

48. 951 

33 

27.  535 

31.  716 

36.110 

40.688 

45.426 

50. 314 

34 

28.  298 

32. 588 

37.096 

41.  794 

46. 6d6 

51.  671 

35 

29.060 

33.457 

38.080 

42.896 

47.882 

53.025 

36 

29.820 

34. 325 

39.061 

43. 996 

49.105 

54. 374 

AGC  Equations: 

K  =  K  +  a  +  bT  +  cT2  -  dT3 
o 

K  =  1.5596 

°  2 
a  =  0.81051S  -  0.00070903S 

b  =  0.084806  +  0. 023184S  -  0.  0000324 70S2 

c  =  -0.0028267  +  0.00030630S  -  0. 0000024800S2 

d  =  -0.000065601  +  0. 0000045195S  -  0.  000000050405S 


S  =  aK  -  b 

a  =  1.  31051  -  0.  035740T  +  0. 000674 76T2  -  0.  0000065556T3 
b  =  3.0850  +  0.071596T  -  0.0021210T2  *  0.  Q00031778T3 


Weyl't  Equation: 

log  K  =  0.  57627  +  0.  892  log  Cl  -  0  0001  tc 
t  =  25  -  T 

-s  *» 

c  =  88.  3  +  0.  55t  +  0. 0107t  -  Cl  (0. 145  -  0.  002t  ♦  0.  0002t4) 


r 

I 

T 

XAfiLSJ 

effect  or  pressure  on  the  electrical 

CONDUCTANCE  OF  SEA  WATER 


Prtiiar* 

(decibar*  above 
atmospheric 
pressure) 

Temtarature,  0. 

00  deg  C 

Temperature,  5. 

00  dug  C 

Temperature,  10.00  deg  C 

31.00 

S,  ppt 

35.00 

39.00 

31.00 

S,  ppt 
35.00 

39.00 

31.00 

S,  ppt 
35.00 

39.00 

0 

0 

0 

0 

0 

0 

0 

9 

0 

0 

1723 

2. 683 

2.612 

2.546 

2.301 

2.247 

2.  168 

’  98 

1.942 

1.896 

3446 

5.055 

4.926 

4.791 

4.  334 

4.228 

4.  122 

3.  75 1 

Z.  661 

3.  576 

5169 

7.  127 

6.940 

6.  761 

6.  120 

3.968 

5.818 

5.305 

5.  174 

5.052 

6692 

8.924 

8.685 

8.449 

7.667 

7.471 

7.282 

6.64c 

.  .  489 

6.  336 

8615 

10. 457 

10. 162 

9.891 

8.994 

8.  765 

8.540 

7.  806 

7.619 

7.432 

10338 

11.739 

11.410 

11.094 

10. 1/0 

9.861 

9.593 

8.  791 

8.571 

8.  364 

Pressure 

(decibars  above 
atmospheric 
pressure) 

Temperature,  15. 

00  deg  C 

Temperature,  20 

.  00  deg  C 

Temperature,  25.00  deg  C 

31.00 

PPt 

35.00 

39.00 

31.00 

S.  ppt 
35.00 

39.00 

31.00 

S.  ppt 
35.00 

39.00 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1723 

1.734 

1.695 

1.65- 

1.523 

1.493 

1.46! 

1.  343 

1.  320 

1.294 

3446 

3.  273 

3.200 

3.  131 

2.  8  i  j 

2.819 

2.  757 

2.  543 

2.493 

2.444 

5169 

4.632 

4.528 

4.426 

4.072 

3.985 

3.901 

3.596 

3.525 

7.459 

6892 

5.814 

5.679 

5.  550 

5.  112 

5.002 

4.895 

4.  526 

4.430 

4.  337 

8615 

6.  829 

6.670 

6.515 

6.013 

5.883 

5.321 

5.211 

5.098 

10338 

7.692 

7.  512 

7.330 

6.  782 

6.631 

6.476 

6.002 

5.881 

5.  74e 

%  Inc.  *  (a  b 

+  c  d)  x 

(1  +  a  n 

where:  a 

•  1.5192 

-0.04S302T  +0. 00083089T2  -0. 

00000 7900  T3 

b 

•  1.04200  *  10*3! 

P  -3,3913* 

10"8P2  *3. 

300  x  10’ 

13p3 

c  »  4  x  IQ-9  *2.577  *  10’*P  -2.  492  *  iO*9?2 
d  «  1.000  -.  I535T  *.  008276T2  *.0001657T3 
•  •.004950  0000760T 

f  •  35.00  -  S 

Not*:  P  u>  till*  equatioa  has  -h«  units,  db  above  atm  press.  Dividing  th*  coefficients  at 
P  bv  1.4504  gives  P  La  p«ig. 


TABLE  4 


EFFECT  OF  <  HLORINITY  AND  TEMPERATURE  ON 


T,  deg  C 


ilk-lid. 

_0_ 

5 

_10_ 

15 

20 

16 

6e  18 

6.  14 

6.  11 

6.07 

6.05 

17 

6.  17 

6.  13 

6.  10 

6.  06 

6.04 

18 

6.  16 

6.  12 

6.  09 

6.  06 

6.  03 

19 

6.  15 

6.  11 

6.08 

6.  05 

6.02 

20 

6.  14 

6.  10 

6.07 

6.05 

6.01 

21 

6.  13 

6.09 

6.06 

6.03 

6.00 

PKL1 

=  6.34  - 

0.010  Cl  - 

0.00650T 

TABLE  5 


EFFECT  OF  CHLOR1NITY  AND  TEMPERATURE  ON  pK^ 


Cl,  ppt 

_0_ 

16 

9.46 

17 

9.44 

18 

9.42 

19 

9.40 

20 

9.  38 

21 

9.36 

PKi 

T,  deg  C 


5 

10 

9.40 

9.  35 

9.  38 

9.  32 

9.36 

9.  30 

9.34 

9.  28 

9.  32 

9.26 

9.  30 

9.25 

15 

20 

9.29 

9.23 

9.27 

9.21 

9.25 

9.  19 

9.23 

9.  17 

9.21 

9.  15 

9.  19 

9.  13 

9.  78  -  0.020  Cl  -  0.0115T 


TABLE  6 


t  i 


EFFECT  OF  PRESSURE  ON  Kj  AND 

OF  CARBONIC  ACID 

Depth  (D), 

Pressure  (P), 

Increase,  % 

— i - - - 

meters 

psig 

fi 

1^ 

0 

0 

0 

0 

2000 

2940 

26 

9.6 

4000 

6880 

58 

20 

6000 

8820 

100 

32 

10,000 

14700 

202 

55 

%  Increase  in  =  0.01107D  +  0.  C0000Q915D2 

%  Increase  in  =  0.00470D  +  0. 000000030QD2 

D  =  P/1.470 

pKLj  =  «log[4.  571  x  10’6(1.0  +  7.  528  x  10~5P  +  4.235  x  10_9P2)J 

— l?^"0,030)  ’°-°065T 

pK2  =  -log £l.  660  x  10"10{1.0  +  3.  196  x  10"5P  +  3.  702  x  10'10P2) 
i9,120.8(S5-  0-030)  .0.0115T 
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115.490 
153. 986 
192.483 
230.979 
269.476 
307.973 
346. 469 

51.  328 
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153.  985 
205. 313 
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410.627 
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EQUILIBRIUM  ALKALINITY  (meq/1)  FOR  VARIOUS  pH,  CARBON  DIOXIDE, 
AND  TEMPERATURE  VALUES  AT  A  SALINITY  OF  35. 0  PPT 
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TABLE  10 


EFFECT  OF  TEMPERATURE  AND  CHLORINITY 
ON  THE  SOLUBILITY  OF  C02  IN  SEA  WATER 

,  moles /liter /atmosphere  x  10~4 

8 


Chlorinlty,  ppt 


T,  deg  C 

16 

17_ 

i! 

19 

20 

n 

0 

667 

660 

653 

646 

640 

633 

2 

617 

611 

605 

599 

593 

587 

4 

573 

567 

562 

557 

551 

546 

6 

533 

528 

524 

519 

514 

509 

8 

499 

495 

490 

486 

482 

477 

10 

468 

464 

460 

456 

452 

448 

12 

438 

434 

431 

428 

424 

421 

14 

413 

410 

406 

403 

400 

396 

16 

390 

387 

384 

381 

377 

374 

18 

368 

365 

362 

359 

356 

354 

20 

348 

346 

343 

340 

337 

335 

22 

329 

327 

3?  ^ 

321 

319 

317 

«<  = 
s 

C  -  b  (Cl 

-  16)1 

x  10'4 

a  = 

666.  6  -  26.  04T  +  0.  7072T2 

-  0. 

01008T3 

b  = 

6.  80  -  0. 

4160T  +  0.01593T 

to 

1 

© 

.  0002784T 

TABLE  11 


REDOX  POTENTIALS  AS  A  FUNCTION  OF 
DEPTH  AND  OXYGEN  AND  SULFIDE  CONCENTRATIONS 


Depth, 

meters 

Redox  Potential, 
mv 

Oxygen, 

ml/1 

Sulfide 

ml/1 

0 

395 

5.60 

- 

25 

408 

7.06 

- 

50 

404 

6.  35 

- 

100 

340 

1.08 

- 

150 

-26 

0.25 

0.02 

200 

■ 

00 

00 

0.08 

0.67 

300 

-139 

0 

1.74 

500 

-170 

0 

3.60 

750 

-152 

0 

5.29 

1000 

-144 

0 

6.  15 

1500 

-129 

0 

7.34 

TABLE  12 


SOLUBILITY  OF  OXYGEN  IN  SEA  WATER 


Chlorinity,  ppt 


deg  C 

15 

16 

11 

18 

19 

°l 

ei| 

0 

8.  55 

6.  43 

8.  32 

8.20 

8.08 

7.97 

2 

8.  11 

8.02 

7.  91 

7.80 

7.69 

7.  58 

4 

7.  74 

7.64 

7.  53 

7.43 

7.  33 

7.  23 

6 

7.38 

7.28 

7.20 

7.  10 

7.01 

6.  91 

8 

7.06 

6.97 

6.89 

6.80 

6.  71 

6.62 

10 

6.  77 

6.69 

6.60 

6.  52 

6.44 

6.  35 

12 

6.50 

6.43 

6.  35 

6.27 

6.  19 

6.  11 

14 

6.26 

6.  19 

6.  11 

6.04 

5.97 

5.89 

16 

6.03 

5.  96 

5.89 

5.82 

5.  76 

5.69 

18 

5.83 

5.  76 

5.69 

5.63 

5.  56 

5.49 

20 

5.63 

5.  56 

5.  50 

5.44 

5,  38 

5.  31 

OX  =  10.291  +  a  -  o  •  Cl 

a  =  -0.2809T  +  O.OO6O09T2  -  0.  000CKS320T3 
b  “  0.1161  •  0.  0^3922T  +  0.  00006310T2 

OX  =  oxygen  solubility,  ml/1  at  NTP  in  water  equilibrated  with  dry  air 
at  a  total  pressure  of  760  torr. 


TABLE  13 


DENSITY  OF  SEA  WATER 


_ Salinity,  ppt. 

Temp.  , 


deg  C 

30 

32 

34 

36 

38 

40 

0 

02410 

1.02571 

1.02732 

1.02893 

1.03055 

1.03216 

2 

1.  02400 

1.  02560 

1.02719 

1.02879 

1.03040 

1.03200 

4 

1.02384 

1.02543 

1.02701 

1.02860 

1.03019 

1.03179 

6 

1.02363 

1.02521 

1.02678 

1.02836 

1.02994 

1.03153 

8 

1.02340 

1.02494 

1.02651 

1.02808 

1.02965 

1.03122 

10 

1.02308 

1.  02464 

i.  02619 

1.02775 

1.02931 

1.03088 

15 

1.02215 

1.02364 

1.02522 

1.02676 

1.02830 

1.02985 

20 

1.02098 

1.02250 

1.02402 

1.02554 

1.02707 

1.02860 

d  =  a  +  b(S-30) 

a  =  1.02411  -  0.0000472004T  -  0.00000549012T2 

2 

b  =  0.000806199  -  0. 00C003 142 1 3T  +  0.  0000000469203T 


TABLE  14 


r 


SPECIFIC  VOLUME 


OF  SEA  WATER 


n 

(i 

fi 

o 


o 


r 


Pressure,  — 

Bart  _0 

S  =  30. 52  ppt 


1 

0.9761 

100 

.9715 

200 

.9672 

300 

.  9629 

400 

.9589 

500 

.9547 

600 

.9508 

700 

.  9471 

800 

.9434 

900 

.9398 

1000 

.9364 

1200 

.9298 

1300 

.9267 

Temperature, 


5 

10 

0.  9764 

0. 9771 

.9720 

.  9728 

.  9677 

.  9686 

.  9636 

.  9646 

.9596 

.  9606 

.  9556 

.9567 

.  9518 

.953U 

.  9481 

.  9493 

.  9445 

.  9458 

.  9409 

.9423 

.  9375 

.  9389 

.  9311 

.  9325 

.  9281 

.9295 

15 

20 

0.9779 

0.9791 

.9737 

.9749 

.9696 

.  9708 

.  9656 

.  9669 

.  9617 

.  9630 

.9579 

.9592 

.9542 

.  9556 

.9506 

.  9521 

.  947  i 

.9486 

.  9437 

.  9452 

.9403 

.  9418 

.9340 

.9356 

.  9311 

.  9327 

r 

t 


r 

l. 

[ 

r 


S  =  34.  99  ppt 


1 

.9726 

.9730 

100 

.9682 

.  9687 

200 

.  9639 

.  9645 

300 

.  9598 

.  9605 

400 

.9557 

.  9566 

500 

.  9518 

.  9527 

600 

.  9480 

.  9489 

700 

.  9443 

.  9453 

800 

.  9406 

.  9417 

900 

.  9371 

.  9383 

1000 

.  9337 

.  9349 

1100 

.  9303 

.  9316 

1200 

.  9271 

.  9284 

1300 

.  9240 

.  9253 

.  9737 

.  9747 

.  9758 

.9695 

.9705 

.  9717 

.  9654 

9664 

.  9677 

.  9614 

.  9625 

.  9638 

9575 

.  9587 

.  9600 

.  9537 

.9549 

.  9563 

.  9500 

.  9513 

.  9527 

.  9465 

.  9478 

.  9492 

.  9430 

.  9444 

.  9458 

.  9396 

.9410 

.  9424 

.  9363 

.  9377 

.  9392 

.  9330 

.  9344 

.  9360 

.  9298 

.  9313 

.  9329 

.  9268 

.  9283 

.  9299 

l 

I 

I 

I 


S  =  41.03  ppt 


1 

.  9680 

100 

.9637 

200 

.  9595 

300 

.  9554 

400 

.  9514 

500 

.  94  76 

600 

.  9438 

700 

.  9402 

800 

.  9366 

900 

.  9332 

1000 

.  92q8 

1 100 

.  926  5 

1200 

.  9233 

1300 

.  9202 

.  9685 

.  9693 

.  964  3 

.  9652 

.  9602 

.  9611 

.  9562 

.  9572 

.  9523 

.  9534 

.  948  5 

.  9497 

.  9448 

.  9460 

.9413 

.  9425 

.  9378 

.  9390 

.  9344 

.  9357 

.9311 

.  9324 

.  9278 

.  9292 

.  9247 

.  9261 

.  9216 

.  9231 

.  9703 

.  97  t4 

.  9662 

.  9674 

.  9622 

.  9635 

.  9583 

.  9597 

.9545 

.  9559 

.9509 

.  9523 

.  9473 

.  9487 

.  9438 

.  9453 

.  9404 

.9419 

.  9371 

.  9386 

.  9338 

.  9353 

.  9307 

.  9322 

.  9276 

.  9292 

.  9246 

.  9262 

TABLE  14  (cont'd) 


1 /density  = 

a 

-  bP  +  cP2 

where: 

a 

- 

d  +  eT  +  fT2 

b 

- 

(g  -  hT  +  IT2)  x  10'4 

c 

- 

(j  -  kT  IT2)  x  10‘8 

d 

= 

{0.  97612  -  0.  0007900m  +  0.  1563  x  10"5m2) 

e 

= 

(0.4408  +  0.02906m  +  0.001407m2)  x  10*4 

f 

= 

(0.5286  -  0.0008978m  -  0.  0009502m2)  x  10 

g 

— 

(0.45824  -  0.004632m  +  0.0002114m2) 

h 

— 

(0.  3088  -  0.  02354m  +  0.  00u31m2)  x  10'2 

i 

= 

(0.6397  -  0.05537m  +  0.001547m2)  x  10"4 

j 

= 

(0.60133  -  0.02428m  +  G.  001429m2) 

k 

= 

(1.081  -  0.  1644m  +  0.008846m2)  x  10-2 

1 

(0.  2890  -  0.  04708m  +  0.  001888m2)  x  10~3 

m 

_ 

(S  -  33.  52) 

1  bar 


14.  504  psi 
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Figure  1 
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T'TUE 


INDEX 

EQUIPMENT  LIST 
INSTRUMENTATION  CODE 
IDENTIFICATION  OP  PHYSICAL  AND  C 
PROCESS  PLOW  plan 
FUNCTIONAL  SLOCK  DIAGRAM  OF  T- 

functional  details  of  the  DiGr 
COMPUTER  CORRECTIONS 
COMPUTER  CORRECTIONS 
Block:  diagrams  of  the  analog 
BLOCK  DIAGRAMS  OF  THE  ANALOG 
BLOCK  DIAGRAMS  OF  THE  ANALOG 


I 


i 


tails 

>ex 

JlPMENT  LIST 
TRUMENTATION  CODE 

>iTlFiCATlON  OF  PHYSICAL  AMD  CHEMICAL  PARAMETERS 
•  0CES5  FLOVJ  PLAN 

jCTiomau  Block:  diagram  of  the  computer/ controller 

'  jCTIONAL  details  OF  THE  DIGITAL  COMPUTER 
■MPUTER  CORRECTIONS 

^puter  corrections 

3CK.  DIAGRAMS  OF  THE  ANALOG  CONTROLLERS 
•)CK  DIAGRAMS  OF  THE  ANALOG  CONTROLLERS 
OCK.  DIAGRAMS  OF  THE  ANALOG  CONTROLLERS 


cl  d 


EQUIPMENT  LIST 


T-l  TANK.,  ALKALINITY  PEE  ADJUSTMENT,  WITH  MIXEE 

T-2  TANK,  pH  ADJUSTMENT,  WITH  Ml  *EZ 

T-S  TANK,  PHOSPH  ATE  ,  FEED 

T-4  tank,  Alkalinity,  feed 

t-s  tank,  distilled  w/atee, feed 

T-6  TANK.CONCENTEATED  SEA  WATES, FEED 
T-l  TANK,  SODIUM  HYOZOKiOE  ,  FEED 
T-6  TANK,  HYDSOCHLOSlC  ACID,  FEED 
T-S  TANK,NiTEOGEN  HUMiDlFlES 

T-io  tank, phosphate  ,  make-up,  with 
MIXES  (NOT  Shown) 

T-l  I  TANK,  ALKALINITY  ,  MAKE-UP,  WITH 

mixes  (not  shown) 

T-lZ  TANK,  CONCENTS ATED  SEA  WATEE, 

make-up,  with  mixes  (not  shown) 

T-0  TANK,  SODIUM  HYDEOXlOE,  MAKE-UP, 

with  Mixes  (not  shown) 

T-14  TANK,  HYDSOCHLOSlC  ACID,  MAKE-UP, 

WITH  MIXEZ  (NOT  SHOWN) 

T-lS  TANK,  STANDAED  SOLUTIONS  FOE  CAL- 
iBEATlON  , WITH  MIXES  AND  SlGHT  GLASS 


P-l  PUMP,  INCOMING  SEA  WATES 

P-'i  PUMP,  FiuTESED  AND  PeETSEATED 
SEA  WATES 

3  PUMP,  METESING,  PHOSPH  ATE  ADDITION 

4  PuMP,  METESING,  ALKALINITY 
DlFFESENTlAL  ADDITION 

P-5  PUMP,  METESING  ,  ALKALINITY  ADDITION 

P-6  PUMP,  METESING,  DISTILLED  WATES 
ADDITION 

P-l  PUMP ,  METESING ,  CONCENTSATF D  SE  A 
WATES  ADDITION 

P-8  PUMP,  METESING  ,  Na.OH  FOS  pH 
FZETSEATMENT 

p-9  PUMP,  METESING ,  SODIUM  HYDSOXlDE 
ADDITION 

P-O  PUMP.METESlNG  ,  HCL  FOS  alkalinity 
psetseatment 

P-i i  Pump, meteSinG,  hydsochlOSiC 
ACiD  ADDITION 

P-lZ  PuMP,Mi  XING  COLUMN  SECiSCULATlON 

P-0  PUMP.STANDASD  SOLUTION 
SECiSCULATlON 


M-l  MIXING  COLUMN 


F-l  PSEFiuTESS  (2) 
F-2  FilTESS  (Z) 


J-l  EDUCTOS,  PHOSPHATE  AND  AlKAl-INITY 
ADDITION 


E-l  FSECOOlES,  INCOMING  SEA  WATES 
6-2  COOLES ,  SECiSCULATlNG  LOOP,  TOP 
E0  COOLES,  SECiSCULATlNG  LOOP,  BOTTC 
E-4  COOLES,  5TANDASD  SOLUTION 
6-5  HEAT  EXCHANGES  ,  ADJUSTMENT  TO 
TEMPESATUSE  OF  AMF  TEST  SYSTEM 


E-l  EEFElGESATiON  SYSTEM 


CV-I  CONTEOL  VAlVE  .  AUTOMATIC, 
FLOW  TO  T-l 

CV-2  CONTEOL  VALVE,  AUTOMATIC, 

flow  tom-i 

Cv-3  contzol  valve,  Automatic, 
Flow  feom  E-i 

CV-4  COMTEOl  valve.  AUTOMATIC, 
FLOW  TO  ADJUSTED  STEEAM 
CV-5  CONTEOL  VALVE  ,  AUTOMATIC, 
Nt  FLOWI  TO  M-l 

CV-fe  CONTEOL  VALVE  ,  AUTOMATIC, 
0->.  CONTZOL 

cv-l  CONTZOL  VALVE,  AUTOMATIC, 
COt  CONTZOL 

CV-8  CONTZOL  VALVE,  AUTOMATIC, 
HtS  CONTZOL 


^MENT  LIST 


NG  COLUMN 


TEES  (2) 

3  (Z) 


'DE,  PHOSPHATE  AMD  ALKALINITY 
'OKJ 


IOOlEE  ,  INCOMING  SEAWATEE 
-EE ,  EEClECULATING  LOOP,  TOP 
-EE,  EEClECULATING  LOOP,  BOTTOM 
-EE,  STANDAED  SOLUTION 
r  EXCHANGEE  ,  ADJUSTMENT  TO 
=>EEATuZE  OP  AMF  TEST  SYSTEM 


jV-l  VALVE ,  MANUAL  ,  TWO  •'WAV  ,  FILTEE 
STEEAM  SELECTOE 

V- 2  VALVE.  MANUAL,  TWO-WAV,  FILTEE 
STEEAM  SELECTOE 

V-3  VALVE ,  MANUAL ,  TWO -WAV,  FILTEE 
STEEAM  SElECTOE 

V-4  VALVE,  MANUAL.  TWO-WAV,  FILTEE 
STEEAM  SElECTOE 

V-5  VALVE  , MANUAL,  FOUE- WAV,  ANALYZES - 
CALiBEATION  STEEAM  SElECTOE 
V- 6  VALVE  .MANUAL,  FOUE- WAV,  ANAlVEE- 
CALIBEATON  STEEAM  SElECTOE 
v-l  VALVE  , manual.  ,  FLOW  ADJUSTMENT  IN 
EEClECULATlNG  LOOP 

V-6  VALVE ,  MANUAL  ,  ThEEE  -  WAV ,  PUEGE  GAS 
CONTEOL  c0E  T-l 

V-9  VALVE  , MANUAL,  PUEGE  gas  to  ANAlVIEE 
SECTION 

V-iO  VALVE  ,  MANUAL  ,  SHuTOPP  AT  T-5 
V-l  I  VALVE,  MANUAL,  SmUTOFF  AT  T-4 
V-12  VALVE,  MANUAL,  SHUTOFF  AT  T-5 
V-13  VALVE, MANUAL,  SHUTOFF  AT  T-fi 
V-14  VALVE, MANUAL,  SHUTOFF  AT  T-1 
V-IS  VALVE  .MANUAL,  SHUTOFF  AT  T-B 
V-16  VALVE, MANUAL,  SHUTOFF  AT  P-l 

v-n  valve, manual, shutoff  at  p-2 

V- IB  VALVE,  MANUAL,  SHUTOFF  At  P-12 
V-IS  VALVE, M ANUAL,  THEOTTLING  AT  P-i3 


EiGEEATiON  SVSTEM  i 

! 

i 


.teol  valve  ,  automatic, 

V  TO  T-l 

'EOl  valve,  automatic, 

V  TO  M-l 

'EOl  valve, Automatic, 
v  FEOM  E-l 

teol  valve,  automatic. 

V  TO  ADJUSTED  STEEAM 
"EOl  VALVE  ,  AUTOMATIC, 
uOW  TO  M-l 

jTEol  valve  ,  automatic, 
conteol 

.teol  valve,  automatic, 

i  CONTEOL 

.teol  valve,  Automatic, 
conteol 
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Figure  3 


I.  ANALYSIS  AMD  CONTROL  PARAMETERS 

A .  SAuNlTY 

B.  AlKAliNiTY 

C.  DISSOLVED  FREE  CAZBOM  DIOXIDE 

D.  pH 

E.  Eh 

f.  dissolved  oxygen 

g.  dissolved  hydrogen  sulfide 

H.  PHOSPHATE 

I.  A'  KAUNiTY,  DIFFERENTIAL 

J.  _<ALlMlTV ,  PEE  ADJUSTMENT 

K.  pH  preadjusyment 

l.  Alkalinity  ,  check 

1. lEvEl 

A. IMCOMiNG  .TANK  I ,  ALKALINITY  removal 
S.EGU.«_,32ATOR  TANK,  fviXER  M.-i 

3.  PEESSuEE 

A.  INCOMING  SEA  WATER 

B.  FlOVJ  LOOP,  AT  EXIT 

C.  AT  USE  ,  iN  AMF  TEST  DEVICE 

4.  TEMPERATURE 

A.  Flow  lOO p,top 

B.  clOvv  loop  at  exit 

C.  REFRIGERATION  SYSTEM  R-i 

D.  AT  USE  ,  IN  AMF  TEST  DEVICE 

E.  CALIBRATION  steeam 

5.  FLOW 

A.  INCOMING  SEA  WATER  STREAM,  iGPM 
S.  NITROGEN  GAS 
C.  LOOP,  20  GPM 

□  .ADJUSTED  stream,  I  GPM  AT  O’C 
e. phosphate  addition 
c.  Alkalinity  differential 
g. calibration  stream 

6.  DENSITY 

A .  ADJUSTED  STREAM 


INSTRUMENTATION  code 
(ISA  NOMENCLATURE  ♦  SYMBOLS 
_  SiGnAl 

SET  point  TRANSDUCER  indicate 

Al  I- 


o  © 


_iM£ni  iATiOKI  COOt 
/6WCLMUB6  ♦  SYMBOLS ,  2P  5.i) 
SiGkjAc 

-cee  IMOCAT6 ,  eeooeo, 

AcABM 


eecoEs, 

cociTeoc 
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Figure  4 


MOTES: 

1 .  THE  NUMBERS  WiThiN  EACH  BlOC<  ARE 
SUBSCRIPTS  REFERENCING  SOLUTION 
PARAMETERS  AT  SPEOF’C  FONTS  IN 
THE  SEA  WATER  SiMulATOZ. 

2.  THE  SOLUTION  PARAMETERS  TO  BE 

subscripted  as  indicated  «n  note 

i  ARE: 

c  ,  concentration  (or  VALUE) 

V,  VOLUME  ,  -»wl 
WEIGHT  ,  J 
A,  DENSITY  ,  jHvi 
P ,  PLOW  RATE  ,  >*il  /  IniA 
THUS  1  C*1  REPRESENTS  THE  SALINITY 
OP  THE  SEA  WATER  LEAVING 
THE  lOOP. 

5.  A  VACANT  BOX  INDICATES  THAT  NO  SuCH 
CONDITION  ,  SOLUTION  ,  OZ  MEASUREMENT  S 
MADE  OR  REQUIRED  in  The  SEA  WATER 
Simulator  . 


H<*  Ml 


CnFFEREKiTiM. 


1 

•o*c 

ilG 

iCfl 

«'ST.C^eQu>VAa_EK4T  TERMS 

xo  :  Voto  '  Volo  ;  Vo»o  :  Vow  -  NVo*o  :\ 

o*o  -  Woto  :  Wolo  -  Wo*o  A; 0*0  :  Waoo  ■  V 

o*o  :  dolo  -  4o*o  ■  do*o  dot*  dots  :  i 

o>o  Foto  :  Foio  :  Pc.*o  :  co»o  '  Fooc  :  I 


Z.  Voo>  -  'Von 

WoO‘  Won 
dooi  do*t 
Fooi  -  Fon 

3.  Voot  :  Voit 
Wool  Will 
dooi  to  l 
Fool  :  Po-i 

4.  Vool  Vo.* 
Woof  Wo.» 
doot  -  do<S 
Foot :  Foil 

5.  \ooO  :  \/o  o 
Wooo7  Woi* 
dooO-  do. I 

Foo*:  Fo>* 

G.  Voo*  :  Vm 
Woo* :  VJ»| 
doot  -  do* 
Foot  -  Fo.» 


:  'Jo*.  :  'Voti  : 

:  Wo»l  -  Wo*i  1  * 

:  doll  :  do*l 
:  Foil  :  Fo*i  : 

:  'Jon  -  Vbu  ‘ 

:Woll  -Wo»i : 

:  don  -  do*t  ; 

:  Foil  -  Fool  : 

-  Vow  -  \/o*%  : 
Woll  i  Wool  r’ 

-  daw  don 

:  FoW  1  Fool  - 

-  'Jo  10  i'JoOO  - 
:  Wol*-Wo  oo- 

:  d  010  i  doOO  : 

:  Pot*  Fooo  : 

:  VaW  ‘  Vo**  : 

:  Wow  Won  : 

'  don  :  da ol : 

•  FoW  :  FoO*  : 
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Con 
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1  C  Oil  .  '  C  0*0 
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Colt 

iCon 

VC  oil 

C  0*1 

XC  o*i 

VC  '  * i 

C  0*1 

XC  ooi 

© 

C  0*1 

XC  o*l 

VC  0*1 
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C  cnl 

xC  on 
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C  0*1 

tr.  Mt 
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Con 
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XF  o*i 

To*o 

*1’ 
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Figure  6 


MOTES: 

i.  A — *D  *  amalog  to  Digital  cowveksiom. 
Z.  d — -A  -digital  to  analog  conleksiom. 
s.  ah  -  Analog  hold  ClKCUlT. 


EUUCTIOWAL  DETAILS  OP  THE  DOlTAL  COMPUTES 


’HE  DIGITAL  COMPUTES 


Figure  8 


£&£uu£SP.  FACTORS 


computer  corrections 


loot  Pool 


Rl  * 


A001F001  "  dloloFooo  '  i-oooFo^O 
Pooi 


Fooi  -Poo*  -  Poo* 


(  a-bPooo  ♦  c(Pooo)‘) 

(d  ♦  «Tooo  ♦FtTooo)*') 
b  •  (  j  -hTooo  *  i(Tooo)*)  «  lO‘* 

C  «  (  L -JlTooo.  l(Tooo)*)  a  I0‘* 

d  .(0.91612-0.1900.10-*-*.  i-o.ieeSaio^-h1) 

e  •  (0.4408  r  0.02906-m.-  0.00l4O1m»)  a iO‘* 
f  •(0.5286-0.891©  .  lO‘*m -0.9502  .  lO  *•■»»*)  a  lO-* 

%  ■  (0. 45824-0.004632 -m.  *0.0002114-1**) 

K  •  (0. 3088  - 0.02354-m+ 0.001131-^1)  *  lO’1 
l  *(0.6391  -0. 05531 -m  *0.0015 41  m1)  * O"4 
j  .(0. 60133 -0.02428m* 0.00 1429m?) 

A.  >(1.081-0.16^  r-.  0008846m.1)  .O’1 
1  ■  (0.2890-004108-m.  +  0.00l888m.i).l0‘* 
m  •  (Cco  -  30.52) 

dLoot »  m.  t  a  (Con  -30) 

n.  •  1.0241 1  -4.1200 * lO'*(Toot)-5.490uO'fc(Tooi)i 

<3  •  6.0620. lO-*-3. 1421  »IO-*(Tooi)-4.6920aIO-’(Toox)1 
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SPECIFICATION 
(PRELIMINARY) 
SIMULATOR,  SEA  WATER 


1.  SCOPE 

1.  1  Scope.  -  Developmental  experiments  at  the  U  S.  Naval  Civil 

Engineering  Laboratory  require  the  conversion  of  surface  sea  water  to  sea 
water  whose  physical  and  chemical  parameters  approach  those  found  at 
different  depttis  in  the  ocean.  This  specification  covers  the  requirements  for 
a  Sea  Water  Simulator  to  analyze  and  control  certain  chemical  parameters  of 
a  sea  water  stream  to  provide  a  one  gallon  per  minute  output  of  sea  water 
having  the  desired  composition. 

2.  APPLICABLE  DOCUMENTS 

2.1  The  following  documents  of  the  issue  in  effect  on  the  date  of  in¬ 

vitation  for  bids,  form  a  part  of  this  specification  to  the  extent  specified  herein. 

STANDARDS 

Military 

MS  33586  Metals,  Definition  of  Dissimilar 


(Copies  of  documents  required  by  contractors  in  connection  with  specific 
procurement  functions  should  be  obtained  from  the  procuring  activity  or  as 
directed  by  the  contracting  officer.) 

DRAWINGS 

AGC  099562  Sea  Water  Simulator 


PUBLICATION 

Report  No.  CR  67.004  Monitoring  and  Control  of 

Sea  Water  Composition 
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3.  REQUIREMENTS 

3.  1  General  requirements.  -  The  Sea  Water  Simulator  shall  provide  for 

the  compositional  analysis  and  control  of  a  stream  of  sea  water  with  respect  to 
the  eight  chemical  parameters  discussed  in  paragraph  3.2.  It  shall  be  capable 
of  being  operated  by  any  qualified  engineering  technician  after  an  initial  train¬ 
ing  period.  The  simulator  shall  be  capable  cf  continuous  operation  for  durations 
of  up  to  six  months  based  on  the  availability  of  a  technician  for  occasional 
periodic  maintenance  adjustment  eight  hours  per  day  five  days  per  week, 

Monday  through  Friday;  the  simulator  must  be  capable  of  automatic,  completely 
unattended  operation  throughout  other  periods 

3.2  Performance  characteristics.  -  The  simulator  shall  provide  for  the 

analysis  of  the  eight  chemical  parameters  and  within  the  ranges  indicated  in 
Table  1.  With  the  exception  of  which  will  not  be  controlled,  the  chemical 
parameters  shall  be  controlled  so  that  an  output  flow  of  one  gpm  will  have  a 
specific  composition  within  the  limits  of  accuracy  indicated  in  Table  1. 
Appropriate  corrections  or  compensations  shall  be  provided  so  that  sea  water, 
when  adjusted  at  the  temperature  and  pressure  in  the  simulator  will  have  a 
desired  composition  for  use  in  ?.  test  system  that  may  be  operated  at  temperature 
from  zero  to  20  deg  C,  and  at  pressures  from  zero  to  20,000  psi.  It  should  be 
understood  that  chemical  interactions  and  physical  effects  may  occur  as  a  result 
of  this  transition,  and  that  the  arbitrary  selection  of  certain  limiting  values 
within  the  control  ranges  may  result  in  incompatible  situations,  as  indicated  in 
paragraph  III  of  Report  No.  CR  67.  004. 

3.  3  Design.  -  The  design  is  contained  in  AGO  Drawing  No.  099562.  The 

simulator  is  designed  to  provide  a  continuous  stream  of  controlled-composition 
sea  water  at  a  flow  of  one  gpm.  The  majority  of  adjustments  are  made  within 
a  closed  loop  portion  of  the  simulator.  Before  entering  the  closed  loop,  sea 
water  is  filtered,  pretreated  to  remove  carbonate  alkalinity  if  this  is  greater  in 
the  incoming  sea  water  than  is  desired  in  the  output  stream,  and  adjusted  to 
some  desired  pH  value.  This  preadjusted  sea  water  is  used  to  feed  the  closed 
loop  of  the  simulator  at  a  required  rate  for  the  duration  of  the  test  period. 

Within  the  closed  loop  the  sea  water  stream  is  maintained  at  zero  to  one  deg  C, 
and  at  zero  to  15  psig  and  is  circulated  at  a  rate  of  20  gpm.  Solutions  are 
metered  into  this  circulating  sea  water  stream  to  adjust  the  salinity,  pH,  and 
alkalinity.  The  sea  water  is  then  passed  through  a  mixing  column  in  which  the 
sea  water  is  equilibrated  with  a  gas  mixture  to  add  or  remove  carbon  dioxide, 
oxygen,  ana  hydrogen  sulfide  as  required  in  maintaining  the  composition. 

Beyond  these  addition  points  the  stream  is  analyzed  by  means  of  chemical 
transducers,  from  which  signals  are  derived  to  control  the  rate  at  which 
reagents  are  added.  Between  the  chemical  transducers  and  the  points  of 
further  sea  water  addition,  a  one-gpm  stream  of  sea  water  is  drawn  off  for 
final  adjustements  for  alkalinity  and  phosphate  and  is  conveyed  to  a  heat 
exchanger  and  then  to  the  point  of  use. 
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TABLE  1 


Chemical  Parameter 
Salinity,  ppt 
Alkalinity,  meq/1 

Dissolved  free  carbon  dioxide,  ppm 
pH 

E^,  mv 

Dissolved  oxygen,  ml/1 
Dissolved  hydrogen  sulfide,  ppm 
Phosphate,  ppm 


Range 

Accuracy 

33.0  to  35.0 

0.035 

0.  5  to  3. 0 

0.  10 

0  to  50 

1.0 

6. 0  to  9. 0 

0.03 

+  1400  to  -1400 

10 

0  to  saturation 

0.  15 

0  to  50 

3.0 

0  to  100 

3.0 
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Because  of  the  interaction  of  certain  physical  and  chemical 
parameters,  it  is  necessary  in  many  cases  for  the  rates  of  reagent  additions  to 
be  computed  to  compensate  for  differences  in  the  conditions  prevailing  in  the 
loop  and  those  employed  at  the  point  of  use.  This  necessitates  that  transducer 
and  set  point  values  be  fed  into  a  computer/controller  so  that  a  corrected  control 
signal  can  be  calculated  and  directed  to  the  appropriate  metering  device. 

3. 4  Materials  of  construction.  - 

3.4.  1  Materials  contacting  the  sea  water  stream.  -  The  selection  of 

materials  shall  be  guided  by  the  need  to  avoid  heavy  metal  ion  contamination  of 
the  sea  water  stream.  The  concentrations  of  such  ions  added  to  the  uncontami¬ 
nated  sea  water  stream  under  normal  operating  conditions  shall  not  exceed: 


Copper 

Lead 

Iron 

Nickel 

Mercury 

Vanadium 

Manganese 


1  ppm 
1  ppm 
5  ppm 
1  ppm 
0.  05  ppm 
0.  5  ppm 
1  ppm 


3.4.  1.  1  Non-metals.  -  The  preferred  materials  for  all  parts  contacting  the 
sea  water  stream  are  halogenated,  unplasticized  polymers  having  low  moisture 
absorption  and  cold  flow  characteristics. 

3.4.  1.2  Metals.  -  Where  the  use  of  plastics  is  impossible  or  impractical, 
metals  showing  minimal  corrosion  in  sea  water,  or  glass  or  plastic  coated 
metals  shall  be  used.  Titanium  is  the  preferred  metal  for  sea  water  service. 
Dissimilar  metals  shall  not  be  used  in  intimate  contact  with  each  other.  Dis¬ 
similar  metals  are  defined  in  MS  33586. 

3.4.2  Other  components.  -  Mechanical  components  and  surfaces  that  do 

not  come  into  contact  with  the  sea  water  stream  shall  be  constructed  of  materials 
that  will  withstand  occasional  exposures  to  salt  water,  such  as  might  occur  be¬ 
cause  of  leakage  or  spillage.  Electrical  and  electronic  devices  forming  a  part 
of  the  simulator  shall  be  suitably  protected  or  isolated. 

3.  5  Components.  -  Sheet  2  of  Drawing  No.  099562  lists  the  mechanical 

equipment  required  in  the  construction  of  the  simulator.  These  components 
together  with  the  necessary  piping,  the  computer/controller,  and  the  transducers 
shall  comprise  the  components  of  the  Sea  Water  Simulator. 

3.6  Details  of  components.  -  The  types  of  components  required  in  the 

construction  of  the  £ea  Water  Simulator  are  listed  below.  This  listing  also  gives 
the  number  of  each  required  and  references  the  paragraph  of  this  specification 
where  detailed  descriptions  may  be  found. 
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Component 

Number  Required 

Paragraph 

Tank 

15 

3.6.  1 

Pump 

13 

3.6.2 

Mixing  Column 

1 

3.6.3 

Filter 

4 

3.6.4 

Eductor 

1 

3.6.5 

Heat  Exchanger 

5 

3.6.6 

Refrigeration  System 

1 

3.6.7 

Valve 

19 

3.6.8 

C  om  put  e  r /C  ont  roll  e  r 

1 

3.6.9 

Transducer 

33 

3.6.  10 

3.6.  1  Tanks.  -  The  tanks  T-l  through  T-15  shall  meet  the  requirements 

given  below  and  in  Table  2. 

3.6.  1.1  Materials  of  construction.  -  Tanks  T-l,  T-2,  T-3,  T-4,  T-5,  T-7, 
T-8,  T-10,  T-ll,  T-13,  T-14,  and  T-15  shall  be  constructed  of  rigid  polyvinyl 
chloride,  or  polyethylene,  or  an  equivalent,  sea-water  compatible  plastic. 

Tanks  T-6  and  T-12  shall  be  constructed  of  rigid  polyvinyl  chloride  or  of 
fiberglass -reinforced  bisphenol-A,  polyester  resin,  or  epoxy  resin.  Tank  T-9 
shall  be  constructed  of  AISI  Type  304  stainless  steel. 

3.6.  1.2  Support.  -  All  the  tanks  except  T-9  shall  be  self-supporting  or  shall 
be  provided  with  a  steel  cradle  frame  to  support  the  tank  when  filled  with  water. 

3.  6.  1.  3  Working  pressure.  -  All  tanks  will  be  used  at  atmospheric  pressure 
except  for  T-9,  which  will  operate  at  50  psig. 

3.6.  1.4  Other  requirements.  -  See  Table  2  for  working  capacity,  size, 
connections,  and  special  instructions. 

3.6.2  Pumps.  -  The  pumps  P-1  through  P-13  shall  meet  the  requirements 

given  in  Table  3. 

3.  6.  3  Mixing  column.  -  The  mixing  column  M-l  shall  have  the  character¬ 

istics  described  here  or  equivalent. 

3.  6.  3.  1  Design.  -  It  will  be  a  counter-current  mixer  consisting  of  ten  3-in. 
high  stages  separated  by  horizontal  baffles.  The  turbine  shaft  will  pass  through 
a  center  hole  in  each  horizontal  baffle.  Each  stage  will  contain  a  2 -in  diameter 
turbine.  Vertical  baffles  will  be  located  in  the  periphery  of  each  stage  to  create 
turbulence.  The  turbine  shaft  will  be  driven  with  a  variabie-^peed,  one -half 
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horsepower  motor.  The  column  will  be  provided  with  liquid  inlet  and  gas  outlet 
at  both  top  and  bottom.  The  column  will  be  approximately  6  in.  in  diameter  and 
approximately  4 -ft.  high  (6 -ft  overall). 

3.  6.  3.  2  Material  of  construction.  -  The  column  will  be  of  Pyrex  glass.  The 
internal  parts  will  be  of  titanium. 

3.6.4  Filters.  -  The  filters  F- 1  and  F-2  shall  meet  the  requirements  set 

forth  below  when  operated  at  ambient  temperatures. 

3.6.4.  1  Materials  of  construction.  -  The  preferred  materials  of  construction 
are  polyvinyl  chloride,  polypropylene,  or  polyethylene,  or  other  non-metallics 
which  are  corrosion-resistant  in  sea  water  service. 

3.  6.4.2  Pressure  characteristics.  - 

3.6.4.  2.  1  Pressure  rating.  -  The  minimum  pressure  rating  shall  be  50  psig. 

3.  6. 4.  2.  2  Pressure  drop.  -  The  normal  pressure  drop  shall  not  exceed  one  psi 

and  the  maximum  pressure  drop  with  cartridge  loaded  shall  not  exceed  10  psi. 

3.6.4. 3  Porosity.  - 

3.  6. 4.  3.1  Prefilters,  F-l.  -  The  porosity  will  be  recommended  by  manufacturer 
to  permit  optimum  performance  of  filters,  F-2. 

3.  6.4.  3.  2  Filters,  F-2.  -  The  pore  size  will  be  0.  25  microns  rated  for  99.  99  per¬ 
cent  removal  of  0.45-micron  particles  and  100  percent  removal  of  0.8-micron 
particles.  The  filter  will  deliver  clear  sea  water  with  an  average  removal  of  not 
less  than  99.  999  percent  of  incident  bacteria. 

3.  6. 4.  4  Capacity.  -  The  filter  system  F-l  and  F-2  shall  have  the  capacity  to 
operate  continuously  at  a  one-gpm  flow'  rate  meeting  the  requirements  of  para¬ 
graphs  3.  6. 4.  2  and  3.  6.  4.  3  without  attention,  cleaning,  or  filter  replacement  for 
at  least  72  hours. 

3.6.4.  5  Servicing.  -  The  design  of  the  filter  housing  shall  provide  easy  access 
for  cleaning,  replacement  of  filter  cartridge,  and  other  maintenance  requirements, 

3.  6.  5  Eductor.  -  The  eductor  shall  meet  the  requirements  set  forth  below. 

3.  6.  5.  1  Materials  of  construction.  -  The  eductor  shall  be  constructed  of  a 

compatible  plastic  such  as  polyvinyl  chloride,  polypropylene,  or  polyethylene. 

3.  6,  5.  2  Operating  conditions.  -  The  eductor  shall  be  suitable  for  continuous 
service  at  a  temperature  of  zero  deg  C  and  a  minimum  pressure  of  100  psig. 
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3.  6.  5.  3  Characteristics.  -  The  eductor  shall  be  capable  of  providing 
intimate  mixing  of  a  one-gpm  sea  water  stream  delivered  at  20  to  25  psig  with 
two  miscible  aqueous  streams  delivered  at  flow  rates  of  up  to  0.  20  gph  and  at 
pressures  up  to  50  psig. 

3.6.6  Heat  exchangers.  -  The  heat  exchangers  E- i  through  E-4,  and  E-5 
shall  have  the  characteristics  indicated  below  and  in  Table  4. 

TABLE  4 

PRELIMINARY  HEAT  EXCHANGER  SPECIFICATIONS 


E-l 

E-2 

E-3 

E-4 

E-5 

"  _"1 

n,JLn™ 

Sea  water  flow  1 

rate;  gpm 

20 

20 

20 

1 

Input  temperature;  ambient 
deg  C 

0-2 

0-2 

ambient 

0-1 

Output  temperature;  0-2 
deg  C 

0-1 

0-1 

0-1 

0-20 

Pressure  rating;  50 

min,  psig 

50 

50 

50 

50 

Pressure  drop;  5 

max,  psi 

5 

5 

5 

5 

3.  6.  6.  1  Material.  -  The  preferred  material  for  heat  exchange  is  Teflon  or 
graphite.  Titanium  is  also  acceptable. 

3.  6.  6.  2  Coolant.  -  The  coolant  may  be  any  fluid  that  allows  the  requirements 
of  Table  4  and  of  paragraph  3.  6.  7  to  be  met. 

3.6.6.  3  Type.  -  The  heat  exchangers  shall  be  saturation -type  exchangers  with 
an  exchange  capacity  and  efficiency  such  that  the  temperature  of  the  sea  water 
stream  approaches  to  within  0.  5  deg  C  of  the  coolant  temperature  in  traversing 
70  percent  of  the  exchanger  tube  length. 

3.6.  7  Refrigeration  system.  -  The  refrigeration  system  R-l  shall  have  the 
cooling  capacity  to  maintain  the  temperature  conditions  of  E-i,  E-2,  E~3,  and 
E-4  as  specified  in  Table  4.  This  will  assume  the  flow  rates  given  in  paragraph 
3.  6.  6  and  be  based  upon  a  specific  heat  for  sea  water  of  4.  2  absolute  joules  per 
gram  of  sea  water.  The  coolant  temperature  shall  be  maintained  within  the  range 
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f  'om  sero  to  one  deg  C.  The  refrigeration  system  shall  not  be  required  to 
maintain  the  conditions  for  E-5;  temperature  control  for  the  latter  will  be 
available  from  existing  devices  at  the  U.S.  Naval  Civil  Engineering  Laboratory. 

3.6.8  Valves.  -  The  automatic  and  manual  valves,  CV-1  through  CV-8 

and  V-l  through  V- 19,  respectively,  shall  meet  the  minimal  requirements 
given  below. 

3. 6.  8.  1  Automatic  valves.  -  The  valves  shall  be  constructed  of  compatible 
plastic  or  metal  and  shall  be  supplied  with  a  pneumatic  or  electric  ontroller 
that  will  be  actuated  and  controlled  by  a  low-level  electric  signal.  Additional 
requirements  are  given  in  Table  5. 


TABLE  5 


PRELIMINARY  SPECIFICATION  FOR  AUTOMATIC  VALVES 


Size;  in. 


CV-1 

3/4 


CV-2  CV-3 

3/4  as 

required 


CV-4 

1/2 


Service 


liquid 


> 


Fluid  flow  2 
max,  gpm 


2  as  1 

required 


CV-5 

1/4 


CV-6 

1/4 


CV-7 

1/4 


CV-8 

1/4 


< -  gas - > 

0.5  0.25  0.25  0.025 


Fluid  tem¬ 
perature, 
deg  C 


ambient  0 


ambient  - 


3.  6.  8.  2  Manual  valves.  -  These  valves  shall  be  constructed  of  compatible 
plastic  or  metal  and  shall  meet  the  additional  requirements  given  in  Table  6. 


3.  6.  9  Computer /Controller.  -  The  function  of  the  computer /controller  is 

to  receive  transducer  signals,  to  amplify  the  signals  to  the  proper  level,  to 
compute  from  appropriate  set  point  and  transducer  signals  the  control  signal, 
to  generate  a  reference  signal  by  comparing  the  control  and  transducer  signals. 
It  shall  accomplish  the  control  functions  shown  and  described  on  Sheets  6,  7, 

8,  and  9  of  Drawing  No.  099562  so  as  to  provide  the  accuracies  specified  in 
paragraph  3.  2.  The  requirements  listed  below  are  suggested  requirements  for 
the  components  of  the  computer /controller. 
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3.  6.9.  1  Signal  amplification.  -  The  amplifiers  will  amplify  the  transducer 
signals  from  the  output  levels  noted  in  3.  6.  10  t o  some  convenient  standard 
value  such  as  zero  to  10  v.  The  long-term  gain  accuracy  shall  be  H^O.Ol  per¬ 
cent  in  an  operating  temperature  range  of  20  to  40  deg  C.  The  input  and  output 
impedances  shall  be  compatible  with  the  transducers  and  the  multiplexing  device. 

3.  6.  9.  2  Input  and  output  multiplexers.  -  The  input  and  output  multiplexers 
shall  each  be  capable  of  scanning  20  points  per  second.  Each  shall  be  capable 
of  random  programming. 

3.6.9.  3  Analog -to -digital  converter.  -  The  analog -to -digital  converter  shall 

have  a  conversion  time  of  less  than  one  millisecond.  It  shall  give  a  conversion 
accuracy  of  0.01  percent  per  year  while  operating  at  20  to  40  deg  C.  The  output 
and  the  word  format  shall  be  compatible  with  the  computer  and  with  the  digital- 
to -analog  converter. 

3.6.  9.4  Digital  computer.  -  The  digital  computer  shall  have  the  memory 
capacity  to  store  the  program  and  data  input  and  to  perform  the  calculations 
indicated  in  Sheets  8  and  9  of  the  Drawing  No.  099562.  It  shall  provide  a 
calculation  accuracy  of  0.01  percent.  The  computer  speed  shall  be  adequate 
to  meet  the  time  requirements  specified  for  signal  updating  at  the  analog  hold 
circuits. 

3.  6.  9.  5  Input  to  computer.  -  The  method  and  devices  for  putting  programs 
and  data  into  the  computer  may  be  any  commercial  approach  such  as  punched 
card,  punched  paper  tape,  typewriter,  etc.  Factors  of  primary  consideration 
will  be  low  cost  and  ease  of  operation  by  laboratory  personnel. 

3.6.9.  6  Printout.  -  The  printed  record  may  be  a  typewriter,  teletypewriter, 
or  other  common  commercial  devices.  It  shall  be  capable  of  printing  out  a 
complete  record  of  simulator  parameters  and  concentrations  in  five  minutes  at 
30 -minute  intervals. 

3.  6.  9.  7  Digital -to -analog  converter.  -  The  digital -to -analog  converter  shall 

have  a  conversion  time  of  less  than  one  millisecond.  It  shall  give  ^  long-term 
conversion  accuracy  of  0.01  percent  per  year.  It  shall  be  compatible  with  the 
output  and  word  format  of  the  analog -to -digital  converter  and  the  digital 
computer.  Its  analog  output  shall  be  compatible  with  the  input  to  the  analog-to- 
digital  converter  and  with  the  output  multiplexer. 

3.  6.  9.  8  Analog  hold  circuits.  -  The  analog  hold  circuits  shall  provide 
reference  signal  accuracies  of  0.  10  percent  compared  to  those  of  the  computer 
output  based  upon  the  signals  being  updated  once  each  second.  The  hold  circuits 
shall  operate  over  the  voltage  range  selected  for  the  output  of  the  digital-to- 
analog  converter. 
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3.6.  9.  9  Analog  controllers.  -  The  analog  controllers  will  receive  and  compare 
the  transducer  signals  with  the  computer  reference  signal  to  generate  the  appro¬ 
priate  error  signals  (electric  or  pneumatic)  necessary  to  control  the  appropriate 
valves  or  metering  pumps.  The  accuracy  shall  be  3  percent  or  less. 

3.  6.  9.  10  Transducers.  -  The  transducers  used  in  the  construction  of  the  Sea 
Water  Simulator  shall  have  characteristics  equivalent  to  or  better  than  those 
given  in  Table  7.  In-line  devices  shall  be  used  wherever  possible.  These  de¬ 
vices  shs;ll  be  constructed  of  compatible  non-metals  wherever  possible. 

3.  7  Selection  of  specifications  and  standards.  -  The  components  used  in 

the  fabrication  of  the  simulator  shall,  insofar  as  possible,  be  commercial  parts. 

If  it  becomes  necessary  to  modify  commercial  parts  or  to  manufacture  special 
parts,  the  work  shall  be  in  accordance  with  commercial  standards. 

3.8  Maintainability.  -  The  arrangement  of  components  shall  be  such  as  to 

provide  easy  access  for  maintenance,  repair,  removal,  replacement,  and  cali¬ 
bration  of  parts  requiring  attention,  such  as  transducers,  valve  controllers, 
metering  pumps,  filters,  etc.  The  insulation  on  insulated  portions  of  the  loop 
shall  have  joints  or  break  points  to  facilitate  the  removal  and  replacement  of 
parts. 


3.  9  Measurements .  -  The  dimensions  and  weight  of  the  Sea  Water 

Simulator  shall  Be  a  minimum  commensurate  with  design  characteristics  given 
in  paragraph  3.  3  and  in  Drawing  No.  099562  and  the  maintainability  constraints 
given  in  paragraph  3.  8. 

3.  10  Finish.  -  Commercial  parts  may  be  used  with  the  original  standard 

commercial  finish.  Altered  or  fabricated  parts  shall  be  touched  up,  finished, 
or  refinished  in  accordance  with  standard  commercial  practice.  Insulated  parts 
shall  have  no  special  finish  over  the  insulation.  Corrosion-resistant  coatings 
shall  be  applied  only  to  metal  surfaces  outside  the  treatment  loop  that  are  not 
inherently  corrosion  resistant  and  that  may  be  expected  to  be  exposed  to  sea 
wafer  in  case  of  leakage  or  spillage. 

3.  11  Identification  of  product.  -  The  simulator  shall  be  labeled  with  a 

metal  or  durable  plastic  nameplate  containing  the  following  information: 

SEA  WATER  SIMULATOR 
CONTRACT  NO. 


If  in  the  construction  it  is  necessary  to  assemble  the  simulator  in  two  or  more 
physically  separate  cabinets  or  chassis,  each  shall  be  labeled  as  above  except 
that  each  unit  tag  shall  also  contain  a  descriptive  phrase  (such  as  LOOP, 
COMPUTER/CONTROLLER)  between  "Sea  Water  Simulator"  and  "Contract 
No.  "  to  indicate  its  use  or  function.  Identifying  tags  shall  be  placed  in 
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a  conspicuous  location  but  so  as  not  to  interfere  with  the  operq£ion  of  the 
simulator.  The  tags  shall  be  lettered  legibly  *»nd  shall  be,  or  shall  be  coated 
with,  non -corroding  material  to  maintain  legibility.  Identifying  tags,  marks, 
or  codes  on  individual  components  shall  not  be  altered,  defaced,  or  removed 
in  die  construction  of  the  simulator,  except  they  may  be  coated  with  a  trans¬ 
parent  coating  to  provide  corrosion  resistance. 

3.  12  Workmanship.  -  The  Sea  Water  Simulator,  including  all  parts  and 

accessories,  shall  be  fabricated  and  finished  in  a  workmanlike  manner. 

4.  QUALITY  ASSURANCE  PROVISIONS 

4.  1  Quality  control  and  inspection.  -  The  q  aality  control  and  inspection 

system  of  die  contractor  shall  be  such  as  •>  assure  *ne  delivery  of  components 
of  good  commercial  quality  and  workmansh.^.  TH<_  prime  contractor  shall  be 
responsible  to  see  that  the  inspection  is  completed  satisfactorily,  whether  in 
his  own  shop  or  by  a  subcontractor.  This  shall  in  no  way  relieve  subcontractors 
of  their  responsibilities. 

5.  PREPARATION  FOR  D*-  JVERY 

5.  1  Packing  and  packaging.  -  The  simulator  and  sub-assemblies  shall 

be  preserved,  packaged,  and  pacxed  in  accordance  with  the  contractor's  best 
commercial  practice  in  order  to  as*  ire  safe  arrival  at  destination  and  be 
acceptable  to  common  carriers. 
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